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DEFINITION -- 


Phosphate rock is a géneral name annlied to certain rocks of different 
degrees of consolidation and of diverse orizins, characters, and modes of 
occurrence, composed of intimate mixtures of various allied amomhous or rarely 
crystallized phosnhate minerels, usually calcium phosvhates, with various 
imouritiese Included under this term are nhosphatized limestones, sandstones, 
shales, and igneous rocics; amormnous nodular nhoschates$; residual weathered 
phosphatic limestones; vein pnospnates; and phosnhate sediments, both uncom 
solidated and consolidated. 


Other phosphatic material, not customarily considered as phosphate rock, 
Occurs in nature and likewise serves as a sourcs Of vhospnate and a natural 
substitute for phosohate rock. This material includes phosphate minerals, 
such as apatit ve and wevellite, guand, marls, and bonese, Unaltered phosphatic 
limestones are usually too low grade to serve as commercial sources‘of phosphate, 
Phosphate rick is value. accerding to its phosphorus content, expressed as . 
tricalcium phosphate {GasPp0e; and variously called tribasic phosphate of lime - 
or bone phosphate Of Line \BePole)e Cormercial grades usually contain at least 
60.per cert and occasionally as much as 80 per cent emis though usually — 
ranging. betveen 68 aie ne per cente 


oe. : ' DESCRIPTION 
"fhe divers eee of phosphate rock are so rey in character that 

no satisfactory ‘description of them.as a whole can be -givens ‘They range from 
“soft, unconsclidated sands and gravels to dard, massive, | flintlike rockse In 
specific gravity they ‘range from 2 to 3 end in color from white to coal blacke 
lIn ‘some, types there’ is little. evidence of organic: orizin;. in others fossil teetk 
bones, and phosphatic’ shells occur in a bunganice °):* sone — ere noteworthy 
quantities of bituminous mar iore : re er ne 

“aa 8 dinauinciaiin. the shiephate rocks corstst“of one or more of the 
related phosphates of calcium, consisting largély of-tricalciym phosphate, 
intimately intermingled with various proportions: of other substances of orgenic 

or inorganic origine os 
ty The. calcium phosphates resent are aici ie einer oua: types, with 
smaller amounts of the crystalline varieties. The principal calcium phospnate 
present in the phosphate rocks is ccllophanc, an amorphous mineral consisting 
largely of tri-calcium phosphate cumtined with a small amount of calcium car— 
Donate ‘and an. 4ndefinite amount cf watere Dahilite, considered the crystalline 
dehydrated equivalent of collophane, is usually present in smaller quantitiese 
Another related crystalline calcium phosphate bh ode present in i aera 
Tocks —— arencon ves 2 


c 


- 


In addition to sae van cite. commercial deposits sedivariig: eontain 
other substances, notably calcite, magnesite’ or ponte pyrite, se a sanc 
clay, and organic mattere 


Phosphate rocks, therefore, do not have a definite chemical compositions. 
Not only does the composition of the component calcium phosphates vary within 
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certain limits, bat other aineraie form eine sucpodeises of the whole rocks 
Chomical analyses show a great vredominance of calcium and phosphorus (reported 
as Ca0 and P05); but althouzh most of both elements occur in the several calcium 
phosphates present some of the calcium may be »resent in calcite or fluorite, 

and some of the phosphorus may be in phosphates of elements other than calciun, 
such as iron or aluminum =: 


Common impurities are iron: and aluminum. The former is ordinarily 
present as limonite, altnough »yrite is found in certain types of phosnhate rock. 
Vivianite, an iron phosphate, has been noted at some places but is raree Alum 
inum occurs beth in the clays and in aluminum phosphates. : Silicon occurs both 
as quartz sand and as silicates.in the clayse Magnésium oxide, which is shown 
in a large mumber of analyses of phosphate rock, ;robably occurs most commonly as 
magnesite or dolomite. 


Fluoriné: is an essential constituent of all the commercial re 
and types of phosphate rock produced in the United Statese The fluorine ranges 
between 3 and 4 per cent in amount and occurs chiefly as a constituent of the 
phosphate minerals of which the rock is comosede Sometimes it is considered 
as a constituent of the collophane in the rock and sometimes of the francolite. 
In certain phosphate rocks it is also »resent as fluoritee 


Scme phosphate rocks contain traces of iodine, chromium, and vanadium 
in undetermined combinations. 


_'/ ORIGIN OF DEPOSITS 


The phosdnate rock deposits - in the United States fave widely different 
origins « The deposits in the Western states, which form the bulk of the domestic 
reserves, were formerly believed to be phosphatic replacements of calcareous — 
marine colites but are now considered as bedded marine deposits formed by the 
direct denosition of calcium vhosphate wolites by biochemical and nnysical agencies 
from pu.spnatic solutions or colloids on the sea bottome The blue nhosphate rock 
of Tennessee is likewise a bedded marine sediment, but its content of calcium 
phosphate was obtained by the erosion, reworking, and reconcentration of an older 
phosphate rock formed by the weathering of phosphatic limestones. 


Some of the limestones in Tennessee and Kentucky are original ating 
limestones containing »hosphatic shells. The weathering of these limestones with 
the accomanying leaching cut of the calcium carbonate has left the calcium 
phosphate content as the residual brown phosphate rock of these States. 


The white phosphate rock of Tennessee and the hard rock pnosphate 
of Florida are likevise tne result of the leaching of phosphatic sediments, but 
in these instances tne calcium phosphate has passed into solution and been carried 
down and deposited as Tepiecemente of ower sedimentary rocks or as the casa 
of opea eras | 


The Florida land ‘s6bbis devosits are anparently sea~beach placer 


desosite derived from the marine plenation of phosphatic limestunes and recom 
car.trated by wave section along the seasnore.e The river-pebble deposits of that 
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State are the rasult of the river erosion of the land-pebdble deposits aad sub~ 
sequent concentration in the vars of the rivér of the mhosynatic materialse Ths 
South Cerolina river rock is similarly the result of the river erosion of the 
land rock and its concentration in the river bars. The South Carolina land- 
rock appeeee are Riis to oe thin bade: - phosphatized marins marlse 


DSPCSITS IN nH UNTIED STATES 
General 


- Phosvhate rock deposits of secede: or recent economic importance 
occur in the Atlantic Coast States, in Florida, ané South Carolina; in. the . 
Mississinoi Valley region, in Tennessee, Kentucky, and Arkansas; and in the 
Rocky Mountain region, in Idaho, Mont:na, and Wyominge The different deposits 
differ widely in age, structure, and otner chazacteristicse Their age ranges 
from Ordovician, as in the weathered phosphatic limestones of Tennessee, to the 
late Tertiary and Quaternary deposits of Floridae Their structures range from 
the flat-lyi.ig deposits of = through the gently domed deposits of Tenn 
essee and Kentucky to the intensely folded:and faulted »~hosphates of tne . 
Western Statese Tuey ran: ap eee the. unconsolidated sands and gravels of South . 
“varolina and Floride to ae hard, heavy. eoce-¢ rock DRCaDes tes of Tennessee,: 
Arkansas, and the Western Statese 


Wlorida 


Tne Florida land-nevble deposits occur in west central peninsular 
Florida extending southward from the Lakeland Hills, which are composed cf 
the Miocene »hosphatic limestone bedrock. ‘he boundaries of the land pebble 
area are not aefinitely }mowne The lenzth of the workable area is about 
30 miles from northwest to southeast, and the »roductive belt is 10 to 15 
miles widce : , 


These deposits are flat-lying, unconsolidated sediments of Pleistocene 
or later ace and represent reconcentrations from the marine planated phosphate- 
bearing Miocene limestone bedrocke : sae 


' The devosits rang 76 in tntewss from ato 50 fest, the maximm being 
not more than 50 feet and the average considerably lesse ‘The phosphate matrix 
is overlain by variable thicknesses of cverburden comprising barren sand or clay, 
The matrix itself consists of sand or clay in which are emoedded the phosphate 
pebbles, which renge in sizes from fine sand to nebbles about 13 inches in. 
diameter. These pebbles form 10 to.50 per cent of the matrixe | 


The hard rock denosits occur.in a narrow belt extending acuened - 
from northern Florida through the western half of the peninsula and parallel - 
to its axis for about a hundred miles to e noint about halfway down the State. 
The phosphate-bearing formation has not veen accurately mapped, but it ends a 
considerable distance to the north of the land=pebble areas The width of the 
belt is variable. The widest known place is in Marion County, where almost... 
the whole of the western half is underlain by the a laa formatione 
The widta here is about 30 milese:« a 
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The hard rock phosphate-vearing formation consists of sand, clay, and 
phosphate rock and is supposedly of Pleistocene agee The thiclmess of the | 
phosphate-bearing beds is: very variablee They attain a waximum tnhicamess of 
100 feet in placese The workable denosits of nhosphate occur scattered very 
irregularly throughout the formation, and they vary greatly in size from single . 
masses of less than a ton to irregular deposits containing many thousand tonse 
The matrix containing ths hard rock consists of varying vnercentages of clay, sand, 
and: soft phosphatee The proportion of hard rock of commercial value rarely ex= 
ceeds 25 per cent of the deposite The hard rocle phos ;shate occurs as percent 
rock, bowlders, Dee os or ad 


The hard rook denceite appear to. ve the edeial eosaace. of a sas | 
phatic sandy Miocene limestone, the disseminated vhosphate in.which was dissolved 
out and then redeposited as replacements of other beds or in open cavernse- - 
Settling of the region by the collapse of the caverns broke wo the denositse All 
of these actions appear to have taken place in the Pliocenée — 


South Carolina 


The workable phosphate rock deposits in South Carolina are confined to. 
the seaboard zone lying in general between the region of Charleston on the north 
and Beaufort on the south, and extending about co or 30 miles inland from the 
coaste Those which have been worked occur in a thin horizontal bed which under- 
lies irregular areas vithin the region defined abovee aa bed is a less 
than 18 feet below the surfacte - 


‘Two classes of the phosphate rock have been recognized,= the lend ‘ eoek 
and the river rocks The land rock occurs in a more or less irregular bed which 
represents an undisturbed phosphatized Miocene (Tertiary) marle The river rock 
consists in »art of the original phosphatized marl and in part of fragments 
derived by erosion from the land rock in Quaternar; times and concentrated on the 
river bettome Ths land rock has a maximum thickness of 30 incnes,-but averages 
between 8 and 16 inches, and in many places is absentee The river rock occurs in 
very irregular banks on the river bottoms where the rivers eross the land rock . 
earease The commercial rock varies greatly in phosphate content, but the general 
average for the entire region would probably. ap»roximate 58 per: cent tricalcium 
phosphatee The highest-grade rock this field can be expected to produce does 
not average more than 61 per cent, and the combined iron and alumimm oxides 


generally exceed 3 per cente The river rock is somewhat lower in phosphate 
content than the land rock. 


The total reserves of phosphate rock. in South Carolina have deen 
estimated to be about 9 million tons, consisting chiefly of land rock. 


Tennessee §.- 


“Tro distinct. types of economically important @evoalte of phosphate - 
rock-occur in Tennesses, “mown commercially as brown rock and olue rocke The ~ 
reserves total about. 83-1/ 3 million tonse — 


The brown rock phosphate is the residual weathered and leached outcrop 
of the phosphatic Ordovician limestones, exposed over a wide area in the central 
basin a Tennessee, wnere erosion in tae summit of the Nashville dome has exposed 
TAS Duo 
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around the edges of that dome the underlying gently dipoving phosphatic Ordovician 
' limestones. — In general,’ the brown rock is confined to the western edge of the 
central basin. “ The eastern edge contcins no dcposits of the brown phosnhate 
because the limestones of = phosphatic horizon are either adsent or, if nresent, 
are not phosphatics 


| Depending upon the tonozraphic situation of the outcrons, two distinct 
forms of deposits have been recognized, kmown respectively as "collar," "hat 
* brim," or "rim" deposits, and "blan‘xet" depos itse The first type of devosit 
occurs where ths horizontal phosphatic. Limestone outcroos as a narrow band along 
the face of a steep hill. The blanket deposits occur where erosion has exposed 
the uoper surface — thet is, tac dip slope of the phospratic limestones ~ and 
Sometimes cover wide arease ‘The brown rock deposits.are best developed in the 
“Mount Pleasant district, where the deposits of the blanket -type range in thick~ 
ness from 2 to 10 feet and often ereater where the alteration has extended down 
ward along the joints in the phosshatic limestonese 


In some places in ths brown rock area the deposits are at the surface, 
but elsewhere they are covered by an overturden consisting of soil and clay and 
. Tanging in triclmess up to a point where its removal is unprofitable. On the 
| “planket" type of eee gest it is usually less than 20 feet thicke 


— - | he sc-called blue phosnhate rock is a thin, unweathered, highly | 
_ ‘phosphatic stratum of Devonian or Carooviferous (Mississimian) AgZB,y occurring 
in a rather limited area on tha southwes:ern sides of the Nashville domes It 
outcrops only in the valley walls of streams which nave cut down through the 
phosphatic formation, which, as in tne case of the brown rock. deposits, lies 


aes almost hor&zontale The shosshate bed variea in thickness from a few inches 


“to 3 or. 4 feet and in composition from a highly phosphatic oolitic variety . 

“to an ordinary shale or sandstonee It is phosphatic only when the underlying 
Ordovician limestone is nhospnatice Thea thinner beds contain the higher-grade 

-. rock, the thicker. beds being generally of inferior quality due to the inter- 

. Mingling of sand with the phesphatee Tne tricalcium phosphate content of the 

' rock ranges from less than 35 per cent. to about 85 per.cent. Tne bed where 


‘ _ mined at present is only edout 18 inches. ‘taick and cantains. from 65 to about 


75 ver cent Lricalcium phosnhatee ; 
Kentucky Be | aan " 


he’ brown phosphate rock deveeits of Kentucky, like those of Tenn 

essee, are ths weathered outcrops of phospnatic Ordovician limestones, which 
ere exposed in the blue grass region of ceniral Kentuciy by the erosion of the 
broad, low Jessamine comes These thin-oedded, gramiular phosphatic limestones 
are 30 to 40 feet thick and have an average dip o* 10 feet to the mile. ‘The 
brown rock deposits range in thiclmess from a few inches to 10 or 12 feet, with 
an overburden up to 10 feet in thickness. Although occasional occurrences of 
lump phosphate rock containinz up to 60 per cent tricalcium »yhosphate occur and 
although phosphate rock. in. workable quantities uo to present commercial require- 
ments (70 per cent and over tricalcinm phosphate) is’.ffound, the bulk of the 
900,000 tons of estimated reserves in Kentucky is belisved to contain less than 
. 0 per cent of tricalcium phosphate. Tne content of combined oxides (iron and 

aluminum) ranges from 6 to 17 pe? cent in most of tae rock and is too high to 
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come within normal commercial requirsmonts at present. 
Arkansas 


Phosphate rock ceposits of Ordovician age extend over a considerable 
area in nortnern Arxensase The nhospnate veds lie almost horizontally and range 
in thickmess from one-half foot to 6 feet. The bed worked commercially averaged 
35 to 4 feet thicke Analyses of typical samples from the highermgrade vhosphate 
rock of this region are reported to show a content of tricalcium phosphate rang~ 
ing from 50 to 63 per cent and combined iron and alumimm oxides from 23 to 93 
per cénte The phosphate rock reserves of this region have been estimated at 
about 20 million tons. 


Western States 


Phosphate ‘rock denosits are found in Idaho, Wyoming, Utah, and Montana. 
Reserves in these States have been estimated to be nearly 6 Dillion tons, of 
which nearly 5 billion tons is in Idahoe The phosphate rock occurs at two 
horizons, one in the uwoner Mississitpian and the other in the Permian. Only 
tne Permian dsvosits have much commercial value, as those of unser Mississivpian 
age are Jess extensive and of poorer quality, althougn their proximity to present 
lines of transportation would seem to commensate somewnat for tnis inferiority. 


Tne whole western region has bdesn intensely folded, faulted, and erodede 
Tne phosphate-hearing formations are exposed in narrow bands along the flanks 
of the larger and simpler folds or in mor2 este a crumplinzs in the smaller folds 
Or along the borders of faulted arease 


The Permian pnosphate-bearing formation is of marine origin and consists 
of 75 to 180 feet of veilowisa to brown pnosphatic sandstones, dark brown to 
black shosphatic shales, beds of brown +o black fetid limestone, and one to three 
economically valuable beds of phosphate rock. ‘The thiclest and richest bed of 
phosphate rock is from 4 to 7 feet thick (and in places even more) over large 
areases It is characterized by a gray, brown, or black cc’.ur, fine to coarse 
Oolitic texture, and a strorg fetid odor when brovene In tha workable beds the 
rock contains 70 per cent or more of tri--calcium phosvhete and generally less than 
2 per cent of iron and aluminum oxides combinede 
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PROSPECTING 
Florida: bene zouets Field 


‘Both Mansfield and Cash and von Rosas itz have described: “the methods 
in use in the Florida land pebole field, oe the Pores pommeak oe pubs 
upon cnet de ecrTpesOnee. ; are ae 


i The sepeadettan< saeaeicus are carried on with a well arill or hand ? 
aUge Te Tas auger used is a modified form of post kole auger 4 inches in diameter. 
a 45-inch casing is sunk in the hole at the same »ace as the auger. The drilling 
operations are started after an option on the supnosed phosphate~bearing area has 
been secured, but before a lease. or a purchase has been madee Preliminary drill- 
ing operations are carried through, the noles being put down at widely spaced 
but regular intervals to determine vhether additional drilling is warranted. If 
this first drilling is satisfactory toe minable area is drilled more closelye 


Because of the. general regularity of the phosphate rock denosits in 
the land pebble area, comparatively little drilling is necessary, and-in 
commercial practice 16 holes are ordinarily considered enough to test a 4O-acre. 
tracte <A nole is drilled or bored to bedrock in the center of each 2h-acre 
squaree For.each hole a record is kept of the thickness of overburden and of 
the phosphate rock, While the drill is passing through the phosphate—bearing 
zones all material takenfrom the hole is carefully saved, and after the water 
has been allowed to drain away it is weighed. The sample of phosphate matrix 
is then hand=-washed through a screenmbottom box, the screen having 3/64—inch 
oneningse The undersize from this screen passes to a similar screen having 
l-millimeter ovenings. Tae undersize from the second box is allowed to go to 
Waste. After all clay and undersize material are scrubbed through the two screen 
the oversize matsrial on the screens is senarately dried over a fire, weigned, 
and analyzede The reason for using the two sizes of screens in the sampling is 
to determine whether the grade of fins material warrants the installation of 
3/64-inch or l~millimeter screens as.the finest screens on the washerse —~ 


The yardage of overburden is calculated from the logs of the drill 
holes. From the thickness of the phosphate matrix, the weight of phosphate 
rock recovered, and tne >ercentaze of zhospnate: rock to matrix the tonnage of 
nhosphate rock in the tract being »rossected is ‘commuted. Under nresent con- 
ditions, if the calculated amount is less than.3, 000 tons per acre, regardless 
of cover, the deposit is not considered woriable. The grade of the available 
Trocx is determined from the analysese 


: A txpical prosnecting summary for a phosphate—bearing tract shows the 
total area, the minable area, the total minable tonnage, and the average per 
acre, the average depta of the deposit, the average percentage of phosphate 
rock in-the matrix, the average overburden per acre and ner ton, and for the 
washed rock, the averaze content of tricalcium Papen and of iron and 
aluminum oxidese pe 
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Florida Hard Rock Meld 


In tne Florida hard rock field »rosnecting is lsss simple and more 
expensive than in the land »ebbdle area because of the rough bedrock, the erratic 
Occurrence of tne phosphate rock deposits and the presence of large bowlders, 
all of which combine to render accurate sampling difficult. According to Mans— _ 
field the usual practice is to space the holes not more than 50 feet apart and — 
where greater detail is needed only 25 feet arart, or less. ‘The preliminary 
test holes may be spaced at 100 to 200 foot intervals, and if these prove en 
courazing intermediate holes are. placed as necessarye In this way the eee 
and size of a commercial oon of ore can be carefully outlinede : 


| “Drilling methods are , different. from those in use in. the. land 4 peddie 
area. The overburden is usually removed by "cuppinge" Tne tcup" used isa 
vertically slit iron cylinder about 1. foot long and 2 inches in diameter. It. is 
attached to drill rods or oipe of 5-foot or other convenient lengthse . When the 
overburden fs too tough or hard for the "cup" and in all cases when the phosnhate 
matrix is reached, the hoie is cased-with a 2inch double—thick nipe, and a chisel 
bit, with ball valve, mounted on a 3/4-inch pipe is introduced. Drilling may be | 
dons either by man power with a simple tripod and pulley,: or by a power drill. 


The thicknesses of the overburden and of the phosphate matrix are 
determined, together with the amount and qual. ity of the washed and dried phosphate 
rocks | From these data the tonnaze anc giade of the phosphate rock in the deposit 
under exemination are determined. 


Tennessee Brown Rock District 


In the browm rock district of Tennessee, according to Barr, 
"The extent, death and quality of the vhos: shate deposits are eounaeie deter 
mined by boring with earth augers and post hole digzers 4 inches in diameter. 
Test pits ‘are also employed in conjunction to give a better idea of the 
character of the stratae — 


In olanwt deposits the holes are saan 200 feet apart a squares, 
while in hat brim formations (ring deposits on a hillside) the holes are 
spaced 200 feet on the long axis of the deposit and 50 to 200 feet on the 
short axis, ths latter ene depending upon the width between upper and . 
lower boundaries. 


Since the overburden is not excessive, rarely teing over 30° ‘feet, 

the light and cheap 4 inch earth auger gives good results with two averators; 
3/4 inch pipe in convenient joints is used for rodse The post hole digger ~ 
is used for penetrating hard substances like flint or plate phosphate rocks 
It is merely a form of hollow drill with a 4 by 12 inch barrel of 1/8 inch 
steele When penetrating phosphate a sample or disintegrated core is brought 
up by the tools and must be removed each time when full, necéssitating 
frequent removals of the diggers from the hole. 


About every 400 feet a nit is sunk to obtain a sample of rock for 
recovery testse This will be representative of the rock as mined by hand 
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and sent to the washers, and will also give the true ratio of sand to 
lump rock with their respective analyses, which is ofcoonsiderable importance. 


The samples from prospecting are prepared for analysis by hand 
washing in an ordinary wash tub, saving the sand by decantation and separating 
. the lump with the aid of a hose and a 1/8 inch slotted screen. The re- : 

covered products are dried, waigned, and analyzed separately. The percent 
age of recovery is calculated from the wei;-hts in the usual manner." 


Tenesses Blue Rock Phosphate Deposits 


Prospecting methods for phosnhate rock in the Tennessee blue rock | 
district differ according to the manner of occurrence of the depositse When . 
the beds crop out the outcrops are usually exposed by digging shallow pits and 
then sampled. Where the phosphate bed is under cover the prospecting is done 
by diamend or shot drillse Records of the thiclmess of the phosphate bed are 
kept and analyses made of the outcrop and drill samles. 


MINING 
General 
Depending meinly won the thickness of the overburden phosphate rock 
deposits are mined either by cpenmpit or by underground: ne me thodse 


By far the greater vart of the phosphate rock Snoaueed in the United 
States is obtained by 3 spen—pit mining in the land pebble and hard rock phosphate 
fields of Florida and the brown rock phosphate field of Tennesseee The deposits 
now mined in the United States by underground methods include the nearly horie- 
zntal blue rock phosphate deposits of Tennessee and the folded and faulted 
rock nhosphate ee of the Western States, in wnich mining methods are quits 
diffe: “Cnte 


‘Mining of Phospkate node tn Piovida 
General = : 


All phosphate rock mining in Florida is by onén-pit methodse Stripping 
operations in the hard rock field are by hydraulic methods, while in the land 
pebble field both hydraulic and drag-line excavating is used. Mining in the hard 
rock field is by dredges, in the land pebble area by hydraulic metnodse 


Hard Rock Field 


In the stripping operations in the hard rock phosphate field the over- 
burden is dreken Gown with hydraulic giants and washed to a central sump and 
thence »umed by centrifugal pumps eitner to nits from which the phosphate rock 
has previously been removed or to ground under which there is little or no phos- 
phate rock. Water from this stripping is supplied from the dredge pond by elec 
trically driven centrifugal pumps and conveyed through pipes ani hose to the hy-~ 
draulic giantse The overburden is cleaned off for some distance ahead of the 
regular mining operationse 
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The phosphate~bearing matrix is mined by dredges cf the long boom 
dipper type with 13 cubic vera bucketse Since the excavations are below the 
permanent grovrd-water level of the regicn mest of the phosphate is dug below 
the-water levels Wooden trestles carrying single car tracks extend from thé 
washers on the sides of tne pit out into the dredge ponde The cars used are 
of l~bucket capacity.....The dredge is served by a single car at a timee After 
getting a bucketful cf tne phosnhate matrix the dredge bocm is swung until the 
loaded bucket is over the single car standing near the end of the trestle and 
the bucket load dumed into the care The loaded car is then handled by cable 
operated by friction drum hoists wo the inclined railway on the trestle to the 
top of the wasning Baenye 


Mining I Land Pebble Phosphate Rocke” 


In the land ceri eiesinee rock field the overburden of cana: 
sandy clay, or friable sandstone is stripned off either by drag line excavators 
or by hydreuiickinge - Throvvhout this field the ‘phosphate-bearing matrix is 
mined exclusively by Euaeeunee ones | 


The drag line re used for strinning at some of the mines are 
either electric or steam (oil fired). The length of the drag line booms ranges 
up to 165 feet, with buckets of canacities up to 8 cubic yards. The longest 
bocm in the field at »resent (1929) carries a G-cubic yard buclset, while the 
largest capacity bucket in this area, € cubic yards, is serving from a 125~foot 
beceme The material from the first cut in strinning overations by a drag line 
is piled alongside the cut or is emptied into a previous cut or abandoned pite 


Both the hydraulic strinning of the overburden and the hydraulic 
mining of the phosphate rock are carried out in similar manner and with similar 
equipmente Operations in each case are started with the sinking of a sump at 
some. Low point in the area tc be hydraoulicked. The overburden, or the matrix, 
as the case may bs, is then broken down and sluicéd down by hand operated hy— 
draulic giants into the summ hole through small radiating ditches, one from 
each gun bank. ‘Three guns that branch from a S:way lateral equipped with three 
valves are used in each nite Two cf these guns are kent in constant operations 
The third gun is held in reserve. ~The nozzles of the guns are 13 to 2 inches 
in diameter. The vater for the operation of these giants is furnished by high- 
speed centrifugal »ressure pums capable of operating against about a 500-foot 
head, and dslivering about oy 000 gallons of water a minute at 200 pounds per 
square inch. 


The nwms uséd in both overburden and matrix removal are 8 to 12 
inch heavy-duty centrifiigel pumps, direct-connected to variable-speed motorse 
The whole unit is mounted on steel frames in a portable housing, which is located 
in the phosphate rock pit not far frem the hydraulicking operationse The suction 
line is 50 to 150. feet Longe. - _ 
The mixture of water ‘and solids from the overburden sump is pumed 
to disposal in abandoned ‘pit ts or. stacked on the surface above barren grounde The 


mixture from the phosphate rock matrix sum, conteininz 10 to 25 ner cant of 
solids, is numed to the washing plant, sometimes’ considernbdly over half a mile 


distant, one or more booster oums being used if sab hie 
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The water for the removal of the overburden by hydraulicking ‘and - for 
the hydreulic mining of the phosphate. rock is cbtained from wells sunk into the 
underlying limestones or from water-filled abandoned phosphate rock nitse Sete- 
tling poms ¢ are provided so the water can be used penesteatye 


Mining Phosphate Rock in Tennessee = . 
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In Tennessee the brown rock is all mined by open-pit methods, and 
the single operation in the blue rock district is ie ares 


Mining Tennessee Brown’ Rock °° °° ae 


The clay’ overburden 6 of the merae sce brown. ae ahosnhate ; maueing 
in thickness from 1 to 20 feet but Msuelty less than 20 feet, is larzely re- 
moved: by drazg~line excavators, ‘with 13 to 24 cubic yard scraper bucksts on 50 to 
85 foot boomse Occasionally narrow benches are strin.ed by hand, but this is 
ordinarily expensive. ‘The overburden is removed from a long strip the width 
of the reach of the drag~line excavator and. dumped on previously mined-over 
ground. at one side... The drag-line excavators are also used for mining the 
deposit wherever possiblé. Where the phosphate rock 1s thin or lies in narrow 
chamels ("cutters!t) in the limestone and can not be mined by drag-line ex- 
cavators -it ig mined by pick and shovel. In some of the larger cutters drag 
lines are. used in the mining operations with a man following behind the drag 
line’ to clean up the material that the drag-line. excavator spuld not handle. 
Owing to the depth of some of the cutters the work has to be done in benches 
of convenient hei ht for the miners. The ore. is. picked out and shoveled from 
bench to bench and finally into cars or. /WAEONG, . in tee it is hauled to the 
mills. ; 


Where hand mining is eractiosd ne: Aineniete: rook: is usually screened 
on the spot where the miner is at. work. The fine material passes through the 
screen and is saved and washede.. “the coarse rook.left is hauled away for drying. 
In some instances, ‘In small onerations mining :for lump ‘rock only, the brown rock 
1s loosened witn 4 pick and the lums are sorted out with a ye fOr 


The phosphate. “rock mined by. the Amani: aseawatbea is dumped into 
S-yard end dump or 4-yarc side ‘dum cars and hauled to the washers inv trains, 
over 26-inch-gage mn ay 10~ton. to 18-ton — locomotives 


Mining Tennessee BL e Bock Phos nate a ey Bay, eS ee 


The outcrops of the Tennessee blue>rock are exnosed only in the valley 
walls of streams that have cut down through the horizontally bedded phos»iate 
rock. The dlue rock was originally mined by strinving and oven-cut work along 
the outcrope When tne overburden became. too heat: for this method mining was 
continued underground by drift mining on the single~entry room-and-pillar | 
system. Main entries are driven from the out¢érods into the phosphate rock bed 
and at regular intervals rooms about. 25. feet rife are: turned off, leaving pillars 
of about the same width. . Sometimes double rooms 50 feet wife are worked. At 


7243 me) ow. 


IeCe 6256 


the only property now in cneration there are eight entries of which about five 
are inuse. The longest of the entries is one-half mile in lengthe 


At this mine the phosnhate bed averazes only 18 inches in thickness, 
but in places it attains a tnickmess of 30 inchese It is overlain by a thin 
shale bed, and tne mining »ractice is to cut out a strip of this shale from 
the top of the phosphate bed vith a Radialax machine before drilling the phos— 
phate rock bed with jackhammerse Tne bed is loosened and shot wp from the 
flocr with dynamite. Commressed air is used for the drills. The broken phos- 
phate rock is loaded by hand into cars and hauled to the plant. 


Pnosphate Rock Mining in the Western States 


In the folded consolidated sedimentary phosphate rocks of the Western 
States mining overations, as on the dlue rock of Tennessee, were at first ree. 
stricted to surface strinoing and onencuts where the overburden was not too thick 
for that metnc to be follived. Present metnods consist of entering the folded 
beds at the lowest possible level by short crosscut tunneis, or by adits driven 
directly in the bed from the outcrop. Drifts are then driven along the strike 
of the beds. From the drifts stcpes are raised toward the surfacee The drifts 
and tunnels serve as haulageways, and, with the stopes, as airwayse 


At Conda, Idaho, the phosphate bed mined, uw to 9 feet thick in places, 
is exposed in an anticline that plunge: u:rthwestward. The dip of the bed ranges 
from 50° to verticale It is opened ty two scutheastward extending crosscut tunnels 
about one-half mile evart, both of which start on the west limd of the anticlinee 
One tunnel driven southeasterly is substantially on the strike of the east limb 
of the anticline and reaches the bed at about 2,300 feet from the entrancee The 
other cuts tne vest limb of the anticline at abcut 730 feet from the portale 
Drifts follow the nhosphate bed, and raises 100 feet epart are run from the tunnel 
levels to the outcrop 300 to 700 feet abovee Intermediate levels are driven: 
from the raises at 100-foot intervalse Stoving onerations are carried on from 
the levels. The tunnels serve as the main haulageways and airwayse Animal haul- 
age 18 used in the develonvment drifts, but main haulage is by electric locomotivese 
As ore is soft and friable low-strength dynamite is used in Llasting. 


The phosphate rock bed worked at Montpelier, Idaho, is located on the 
western flank of a complexly folded and faulted anticline and dips from 17 to 42° 
weste It is opened by three short crosscut tunnels 50 to 350 feet long driven 
eastward to intersection with the nhosui:.te bede Rocks developed by these adits 
renge up to 850 feet. Drifts have been driven along the strike of the bed, 
raises put up every hundred feet, and the phosphate rock mined by back-stopinge 


At Cokeville, Wyoe, a 6-foot bed of phesnhate rock dipping 75° is being 
mined by the shrinkage systcme 


TRIATENT 


The treatment accorded phosphate rock after mining depends upon the 
grade of the mined producte The unconsolidated phosphates of Florida and Tenn 
essee are not marketable as mined and require further treatment to remove suffi- 

cient nonphosphatic material to reise the balance to commercial grades, and to 
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reduce the content cf iron and aluminum oxides to within commercial limitse the 
blue rock of Tennessee and the phosphate rock of the Western States are of commer~ 
cial grede as mined and need only to be crushed end dried. 


The beneficietion »rocesses for unccnsolidated phosphate rock in the 
plants using wet treatment, as all do excent one plant in Tennessee, include 
Sizing, disintegration and washing, screening, classification, and dryinge 


The coarse sizing is done usually by grizzlies and trommelse In the 
Florida hard rock field both are used, the grizzlies with 8 or 10 inch spacing, 
taking out oversize flint, limestone, and phosnhate rock bowlderse The latter 
are oroken by hand-sledging or. bulldozing to pass the grizzlies, all of the under— 
size then passing to trommels with 4-inch holes, the oversize from which is 
crushed to 2 inches before passing to log washerse In the Florida land pebble 
fisld, with finer material to handle, the limiting screens are trommels with 
1 1/2-inch holes, which remove the cley balls, limestone bowlders, and debrise 
In some plants these trommels are the first in line and in others follow a fine 
staticnar’ retaining screen with 3/64 inch or 1-millimeter holese In the Tew® 
messee orovn rock field this preliminary sizing is done principally with grizzlies, 
altnough in one plant a slotted screen is usede Two plants put everything through 
@& crusher first, one of them then taking out the lum rock with a trommel with 
S-inch holese The other plant crushes everything to less than 3 inches and then 
passes toe material on for disintegration. 


Disintegration of the matrix is accomplished in a variety of machines, 
the preference being for log washers and trommels.e In the hard rock region of. 
Florida log washers only are used for this purpose. In the land pebble area 
log washsrs and trommels aré favored, although bail mills and scruboers are 
included in some plantse A greater variety cf types is seen in the Tennessee 
brown rock field, log washers, rotary cylinders, trommels, emulsifiers, and 
ball mills being used for senarating the clay and paospnate sands and rocke 


Separation of the phosphatic material from the disintegrated pulp is 

carried on coincidentally with the disintegration and subsequently, and is 
cone with a wide varicty of screens, tables, and mechanical and hydraulic classiée 
fiers. The simplest practice is that followed in the Florida hard rock field, 
where the phosnhate rock after treatment in log washers, where much of the clay 
and fine material is removed, passes into a double—jacketed trommel which removes 
the remaining fine material less than 1/16 inch in diameter, keeps the fine hard 
rock saved from going on the picking table, and passes the oversize from the 
coarse inner screen to the revolving waste-picking table. 


In the land pebble field the pulp remaining from the preliminary sizing 
onerations is screened after each disintegration treatment, the undersize pulp 
passing to debris ponds or to reclaimer units, and the pebble discharge passing 
on to the units making the final separationse In the nrothern part of the field 
this is done vith double-jacksted trommels, whereas at the extreme southern end 
of the field vibrating screens have been adoptede Plants at intermediate points 
use vibrating screens after double-jackested trommels, taking final products from 
eache 
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| -'. In the Tennéssee brown rock fielc, after all the clay and sand are in 
‘Suspension, tne ccarser phosphatic material is removed by screening and the 
finer phosphatic material from this and preceding cperations is separated from 
the clay in mechanical or nydraulic classifisrse These include jet cones, 
inverted pyramids, cylindrical jet tans, hydraulic cones, dewatering cones, 
drag classifiers, bowl thickeners, bowl classifiers, and tablese As the prin- 
cipal impurity associated with tne brown phosphate roc is clay the separation 
can be carried to finer material than in the Florida lend peoble field where 
the quartz grains associated with the phosphate sands introduce a more conmlic- 
cated problem of separatione : | ~ ose. 
The fine pulp from the various washing and classifving ivsatueate is 
allowed to go to waste in the Florida hard rock field and in some of the plants 
in the land peoble areas In mar- of the land pebble washers, however, tne fine 
discharges from the various treatrents are vassed throvgh reclaimer units using 
various ccmbinations cf oe boxes, log wasners, trommels, screens, or sand . 
conese In the Tennessee vrown rock field the fine pulp from the various wash- 
ing’ and classifying epnerz a pesses to fine sand recovery units, using thick 
eners, settling bexes, dow classifiers, or coness | 


Tne wet ohosphe te rock from the washers is dunmed at the jake plants 


in outdoor wet storage piles or in wet rock bins, for draining, which reduces — 
the moisture content several ver cent, | 


Drying of toe wet rock is done in direct—heat rotary driers, reducing 
the moistu~e content frem 12 to 18 per cent down to %/ te3 per cente In the 
Florida fields countercurrent oil—fired drisrs 30 feet long and Bs or 4 feet 
in diameter are usede In Tennessee both parallel and countercurrent types 


are in use, and the driers are longer, 30 to 50 feet in length, and of greater 
diameter, 3S to 7 feete 


Figures 1, 2, .onc 2, tyniccl flow sheets of washers in the Tlorica haré 
rock en land peddle fields anc the Tennessee brown rock field follow. TFizure 3 
is bases on @ flow sheet in Re WW. Smith's corticle, Minin: cna Neshing Phosnn-te 


Rock in Tennesses, in tac Snginesrin; anc idining Journal, volume 115, 1°23, nazes 
221 to 2266 
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24 Ce 3. Nignmane Fertilizer Department Pacephs te Mines at Conda, 
Idaho. The Ancte, vole 9, Noe 9, | Pp» 1-6, Butte, 
Montana, Sevte, 19236 


25e He He Sellards.e The origin, mining, and ecarehien of phosphate rocks 
Transe Auer. Inste Mine Enge, Vole 50, ppe 901-916, 1914. 


266 Ge Re Mens fieldo Phosphate rocis in 1923. U. S. Geole Sure Min. 
Rese Ue Se, 1925, pte 2, pDe 239-275, 19240 


eve We Je Dobbine Mining and washing phosphate in Tloridae Enge & 
Mine Joure, vole 116, Noo 14, Dpe 577-581, Octe 6, 19230 


28e Ve.Jde Milkowskis Hydraulic methods in the Florida phosphate 
fizlds. Rock Products, Vole. 25, Nowe 3, ppe 17-19, 
Jane 31, 19206 


ede Re We Stones. Practice in -revaration of phosphate rock. Rock 
Products, vole 22, Noo 15, poe 40—42, Auge 2, 1919. 


30. Re We Stones Phosphate rock industry of the Ue S.~ Rock Products, 


Vole 21, Noe 12, ppe 31-33, Octe 9, 1918. 
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eee 


ee a two erence groups, one on whica ie phosphate: rock underg0e se 


a) oes 


changsd chemiisal iy in treatwente Se ae a "ah ers es 
‘The first ‘group ecouies. for about 98 per cent cf the- ‘anmial | domestic . ; 
éonsumetion ‘of phosphate rock and includes the use of: phosphate rock “in the. . 
propar-tion of phospliorus, phosphoric acid, suerphosphate, triple (or treble) 
superphosphate, dicalcium phosphate, and ferropaosphorus end in the manufacture 
of pig irone The other group comprises the uses of phosphate “rock for direct . 
application tu the Boil, as as. road metal, ecncrete poe ae poultry and stock 
feed, and filler for various purposese , 


‘ The principal use of phosphate rock, and one that isius about 90 per | 
one of the anmial domestic consumption, is in the preparation of the phogyhatic 
fertilizers — supérphosphate, triple (cr treble) superphosphate, and diacal- 
cium phosphate - which are prepared by the use of: acidulat‘ton processes (with 
sulphuric, phosphoric, and hydrochloric acids, respectively). “An additional”. 
1é per cent of the domestic consumption consists of the dried and finely ground 
phosphate rock used for direct application to the soil. Of the minor uses, by, 
far the most importart use is in the mamfacture of phosphorus and phosphoric 
acid, which in turn are used for the preparation of mmerous phosphorus—con- 

t ing com;cands employed in various arts and industries. ‘The uses of phospho 
rus, the iron and steel industry consume but a few thousand tons of phosphate 
rock annually. Yerrephosphorus, produced by the smelting of phosphate rock 

and ircn cre or scrap iron, is.emoloyed almcst extlusivély as an addition. to . 
certain kinds of, steel, For. adjusting the phosphorus content of pig iron phos- 
phate rock is included in proportion in the Digee ahenece charge. 


a Elemental phosphorus is used to a limited extent in the match heads 
of the ordinary "strike anywhere" matches in certain countries; on the striking 
surface on boxes of safety matches; to a limited extent in medicine; in vermin 
destroying pastes; in renge shells, tracer bullets, grenades, smoke screens, and 
incendiary shells; in fireworks; and in the manufacture of sundry phosphorus 
compoundse Among the commcunds may be mentioned ordinary phosphoric acid;’ ~~ 
hypophosphorus acid and hyp ophosphoric acid, which:are both used in the mam-— 
facture of salts for medicinal purposes; phosphorus: sesquisulphide (which has 
largely replaced elemental phosphorus in match making); calcium phosphide 

(one of the constituents of distress signals at sea); copper phosphide and tin 
phosphide (used in the manufacture of vhosphor copper, phosphor tin, and phos- 
phor bronzes); and zinc phosphide (for medicinal’ use)» 


_The only phosphoric acid of commercial importance is the oftheshoss 
phoric acid, available on the market in various' densities and purities. It has - 
considerable number of uses, among which are its use in sugar refining, rus t- 
proofing of iron and steel, soft drinks, water softening, dental and china 
cements, photography, medicine, jams, and jellies, and in the manufacture. of 
triple superphosphate, varicus phosphate salts, and hydrogen DIL 0XIdC» - Salts 
of phosphoric acid have a wide a al in the arte ene guage bide . Phog- 
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phates of calcium and of sodium are the most usede Otner phosnnatses, such as 
phosphates of votassiun, -alumiman, -anmoniu,. aaa barium, maneeneeey and 
cobalt, are »reduced, but’ ee use isi eee tede . 


Of the calcium upeeuates Sanes bel a sin ennate is used most widelye 


It finds its lergest use in tne mamufacture of baking powders and self—rising 


flourse It is also used in sugar refining and yeast culturee . Dicalcium phospxat 
is used in the manufacture of monocalcium phosphate and baking powder and in 
yeast culture. fTricalciun phosphate, in relatively small cuantities, has been 
used in medicinal preparationse 4 wider. use is its emlovment as @ conditioner 
of table salts 


Trisodium phosphate is the most imortant of the sodium phosphatese 


Its widest use ig for gene zal household and industrial cleaning. Minor uses 
2 -are. for water softening, in the mamufacture of tricalcium phosphate, and in the 


preparation of paint removers. Disociun. ohosphate: is: chiefly used. for. weighting 
silk. [It is also used iz. vater-softening, mscicines, manufacture of loaf cheese, 
fireprodfing mixtures; cop sical glass, ceramic enamels, and photography, in |” 
vinegar manufacture (as a fcod for vinegar bacteria), and in analytical work in 
chemical latoratories. Moudsodium phosphate is relatively unimportant conme r 
cially. Limited quantities are used iin baling powder and in medicines and to 
an even smaller extent as a leavening agent, in electroplating, in fireproofing 
mixtuves, and in pnotogranrye It is also prcduced as an inbermediate product 


in the mamfacture of sodium acid vj. Poche ree 


rs 


‘Monoammonium phosphate is use od. in yeast culture, fireproofing, food 


products, | and impregnating match stems ‘to vrevent aftarglowe Sodium ammonium 


phosphate is also used in-firepronfing mixwurese. Monopotassium pliospnate is 
used in baking povders, yeast culture,.and photographye Both dipotessium and 
tripotassium phosphate are used in phctographye Aluminum phosphate is used 


in silicate dental cémonts. Barium, sodium, and calcium vhosphates are used 
_ in ‘glass: making. Many metallic phosphates are used in coloring for hard porce— 
~ lain and clayse Mincr quantities of phosphates of silver, uranium, Manganese, 


barium,” and vanadium =e Deen: used in photographye 
| OIONS 2 Hens OF PHOSPHATS ROCK | 


1. We He Waggaman and He W. este niecds paseshoac acid,. ‘pap epnates a4 
. phosphatic fertilizers. New Tore 1927. The Chemical 
Cataiog Coe, Ince 4 


Re de To Meckstroth. - anstrial® uses tf phosphoric acid and phosphates. 
Saad & Mete SNS, Vols 6, ai 223-224, 1924. | 
Se Je ce ‘Mellor. A comp réhsieive beeehice: on- “jaa rsauie and theoretical 
"J" oss ‘ghemistrp, vols 3,Nitrogen and. ah Longman, 
Green &: Cows. SB OESy Bees = Eee 
Lie 
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, “he E.'S. Farrowe Gas warfares 3. Pe Dutton & Cov, New York, 1920. 


Se Ee Fe Lawe Alloys, lignan: ‘1909. 


6. Je Fe Buchanan. Practical Alloying, Cleveland, Ohio, 1910. 
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Se. Le eae Metallo ae hale , New York, ao McGrave-Hill Book 
‘“Comanye x Se Ce aha ae ea 


Edvard Thorpeée Dictionary of applied dimaistn Longman ¢ Green & 
we kT 619226 | i =s 


Chemical Age. A new use for apatites ol. 14, Pe 93, JaNe 30, 19266 


BE. Te Ellis.. Cement ae from waste materials (eesanee din the | 
os ‘Manufacture of pbomphe tas) seam VOle 31, Now 6, 
Ppe 96-97, 19276 


Rock Products.Gypsum tile.from synthetic. calcjum sag eee ¥ol.. 2, 
Noe 8, TPe 45-51, L927 « ola, 2 ce 


Ge Jorét and HE. Radet. The use of phosphate rock.in the-mamfacture .. 
of fértilizers.from leather waste. Anne false, vol. 
20, PPe aii 19276 
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Mier \can Wert diewes ‘Refractory brick from pea del Vole 65, 
Noe io De 33; oo eee 


Re ‘Se caiaacbiay Synthetic eypeum o its ‘recovery and useée TranSe 
es « Amere* Inste.. “Cheme’ Enge,. vols oe pte 2, poe PDPe 
88-54, ene - 


| Se Marcovitehs: ‘me Fluoatlicates. as Suasctieiiees. Souee tule 


| ‘Eng. Chem. , Vole 18, ope 572-573, 1926. 


We He Ross. Use and -srévaration of enauatcated fartiliceeis 


Trans. Arie r.. Electrochem.  BSoce, Vole 48, ppe 
299-305, 1925. © 


_ He We Walkers Aegina: a Jour. Ind. Eng. Cheme, vol. 17, 


Ke D. Jacob and De S. Rayanvae.: By-nroducts ‘of: furnace~made 
oo phosphoric acid. Amer. Fertilizer, March 16, 


Ee Be Hart, He Steenbock and Fe Be Morrisons Minerals for livestock, 


Unive WisconsineAsriceExpe Stae Bulle..350, 19256 


E. W. Sheets and William Jackson. A handbook for better feeding of 


Livestock. Ue S. Depte igriculture, Misce Circe le, 19246 


George Garnere. A miracle working Alabama plante | Manufacturer's °’ 
Record, Vole 93, Noe ll, ppe 67-68, March 15, 1928. 


Co Pe Hoovers The use of phosphoric acid in wate rmsofteninge 
Enge News Record, vole 86, Noe 2, Pe 81, Jane’ 13, 
L92le 
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2348 Chemical and Metallurgical Enzineeringe Parker maar rods ine process. 
be 18, DpDe- 264-265, 1918. . oo ' 


2Se Rock Proaucts. Refractory bricks from peeve bas oe ‘29, Yae 21, pe 
_ Bly Octe 16, 19266 
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coe Ee Fe Warde Phosvhorus necrosis in the mamufacture of fire- 
| works and in the preparation of phosphorus. | 
2° «SUL 'S. Dente of Labor, Bure Labor Breer etless Bull. | : 
Noe 405,, 19266 oS 


26e Ue Se Tarif Cormissidne Sodium phosphate. Ue S Tariff 
Commission, Nov. 1, 1928-4 


27. Edmund Snaw. Observations on the agzregate industries in-Florida. 
Rock Products, vole <9, Nes D, De S41, March 6, 1926.6 


28- Rock Products. (msun tile from eyathetie calcium . sulphate. Vole 
+ + BOL Noe’ 8, ppo 45-51, April 16, 1927. . 


WORLD PROD cTION 


The world procuction of phosphate rock for the re since 1913 has 
varied from about 25, millions to over 10 million tonse.. The normal growth ~ 
of the »hosnhate rock pfocucing indus ;...; “ duping this period was tremondously 
altered by the World Ware ‘In the ‘orewar year 1913, the world production amounted 
to slizntly ever 7 million tons, 76 ner cent of wnicn came from the United 
States and the French colony of Tunisiae :In 1915, because of tne war, tne 
world »roduction fell to about 3,800,000 tons. From 1915 to 1919 it rose grad- 
ually to a little cvsr 4¢ million ‘tons in 1919. This small rise was due largely 
to the increased »roduction of the United States, which started in 1916. The 
decline in Tunisia ‘sroduction,. which shad begun with the ovening of the war, 
contimed until 1917; tnen recovery ‘set in, and its increased »roduction helped 
raise the world total and ofrset a slight falling off in the »roduction of the 
United States in 1918 and ezgain in 1919-2 In 1920, the world vroduction made a 
spectacular rise almost tv’? million tonse This sudden recovery to prewar 
levels was due almost entirely to the tremendous boom in the phosphate rock 
mining industry in the United. States, where production, increasing nearly 2 
million tons over tne receding vear, reached:a new. high mark that has not yet 
been surnassed. The business depression of 1921 in the United States reduced 
American shoszxhate rocx production down nearl;:” to war-time ley sls, and in con- 
sequence the world »roduction fell to a little over 5¢ million tons. Except 
for a slight decline in the nroduction of Algeria there was nractically no 
falling off in ook ‘ear in other countess 


Since 1921 the world seedaet oa of phosyhate rock has risen rapidly 
and in 1927 was nearly 103 million tons, an increase of 43 ner cent over the 
1913 productions The »roduetion in 1928 was apparently slightly less than 
that of 1927, probably abouit 10 million tonse 


During the period from 1913 to 1928 there has been no change in the 
relative rank of the two leading vroducing countriese The United States has 
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led throughout this period, with the French North. African colony of Tunisia in 
second placee Algeria held third place until 1927, when it became fourth in 
the list, yielding third place to French Morocco, which had increased rapidly 
its EEOCueH EON. after its advent as a producer in 19216 


At present three national groups produce all but a few per cent of 
the world produ¢tion of phosphate rock, - Of the 10 million tons produced in 
1928, France and French possessions, the United States, and the British Empire 
-preduced about 94 per cente France with her colonies now leads all other 
nations in phosphate rock production, producing 51 per cent of the total in 
1928. The United States nroduced 38 per cent and the British Empire 8 ver 
cente No other aoe on Peco over 2 per. ees of the world total. 


. The production in the ania countries for 1913 to 1928, both 
years inclusive, is given in the following table: 
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The world's anmal consumption of phosphate rock is now around 
LO million tons. More than half of tnis-about 6 million tons is- consumed | 
in the group of countries, chiefly France, United Kingdom, Italy, Germany, and .. 
Spain, forming western Europe, making this rezion the nremier world market — 
for pnosnnate rock. The United States ranks next to Europe in importance as a 
market for phosphate rock, although desnite its greater area it consumes less than 
half as mch. It is, however, ‘the leading single consuming ration of ‘the world; 
in 1928 its consumption amounted to about 2,600,000 tens, almost all of which © 
‘was domestically produced. 


France, tne rer en seat escuias oe pea by far the largest 
consuming country in Europe, recuires about one and three-quarter million tons 
anmally tq meet her needss .Of this she produces only about a quarter of a’ 
million tons, imorting the balance from her North African. colonies of Tunisia, | 
Morocco, and. alge rias | | ee 


The British Empire as’ e. “whit ranks third among the. aaiens of the. worie 
as a consumer of yhosvhate rock, taking nearly a million. and a quarter tons a 
year, divided »rincipally between Australia and New Zealand, which together take 
nearly 810,000 tons annually, and the British Isles wich require about 400,000 
tons a yecre Australian needs are met largely by phosphate rock from the near-by 
islands of Nauru, Ocean, Coristmas, Gilbert, and Ellice; those of tue British 
Isles by smo nia teRe principal ly from the Freach North African coloniese 


The snsennaes: rock requi resents of Italy, around - 900, 000 tons annually, 
are met almost entirely by imports, mostly from French North Africae 


ae consumes about 800, 000 tons of - phosphate pock ayveare Its 
own production being negligible, it imports aimost its entire recuirements, 
~rincipally from the United States, Trench North africa, and Belgium. 


Spanish requirements of. phosyhate rock are in the neighborhood of 
half a million tons annually and are satisfied largely by importations from the 
United States and French possessions. 


The only important ‘Asiatic consumer of phosnhate rock is Janan, with 
an annual consumption »rovably between 700,000 and 800,000 tons, of which about 
470,COO tons are imported, chiefly from the United States and British possessionse 


DOMSSTIC a ae 


Production ‘of phospliate rock started in the United States in 1867, 
following its discovery in South Carolina, and for many years South Carclina 
was tue only yroducing Statee Florida began production in 1888 and Tennessee 
in 1894 The higher grace of the phosphate rock from these States caused a 
decline in the South Carolina »roduction, but the United Stetes totm continued 
to rise, the increased »roduction of Tlorida and Tennessee more tnan counter— 
balancin; the decreasins production from South Carolinae Since 1899 Tennessee 
production nas decome more or less stabilized at cetween 400,000 and 500,000 
tons a yeare Tne production in Florida, howeyer,.has contimed +2 increase, 
this increase alone now more tnan makinz up for the decline of the pnosphate 
rock production in South Carolina. The United States »roduction contimed to 
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I.C. 0256 
expand un to the outbreax of the “orld Tare 


: During the Worli “ar »eriod and the. 2 ecueine veers tue production of 
ohosphate rock in the United States and in the. t-o leatinz sroducing States of 
Florida and Tennessee fluctuated considerably ani in different desrees, although 
synchronously, the larger fluctuations occurrins in the Florida yroduction. In 
all cases there vas a decline during the early war vears, @& recovery in the late 
var jeriod, a .ost-war booa in 1920, when the United States jroduction reached 
its maximum of ,10%,9.2 long tons, a slum in 1921, and a gradual recovery since. 


¥iorida is the “Leclin:; snosohate rock producing State, a nosition it 
has held contimously since 1894, when.it took the lead from South Carolinae Its 
production increased steadily from the. opening of the industr; in that State 
until the {outbreak of the VJorld Ware: In 1913 the »vroduction of Florida had 
reached 23 million tons, but following the: outbreek of hostilities in Burope it 
declined to less than 14 mijiion tons in 1915. Recovery from this low point has 
been comolicated by the lavor difficulties of 1919, the boom of 1920, and the 
generel business depression of 1921; nevertheless, although wide fluctuations 
have occurred in the production in these years, the general trend has been up 


warde The maximum annual -yroduction of the State, 3, 369, 384 long tons, Wes 
‘reached, nowever,:in the 1920 Doorme : . 


The land. pebble field furri shes 97 ner cent of the Florida productions 
The -roduction of this field reached i:s »rewar peak of 2,055,482 long tons in 
.1913.. In the early years of the World Var ppoduction of land pebble phosphate 
declined to 1,508,481 long tons in 1915, since which time there has been a 
general upward trend, marked, however, with wide fluctuations due to the causes 
above cited. ‘The boom of 1920 resulted in a production of 2,955,182 long tons, 
the Hignest ever recorded. The general denression of 1921 brought tne vroduction 


down to the war levels, . but it has since rocevercd to 93 per cent of ths 1920 
oer 


: In 1928 eight coimenies reported production of land—pevoble phosphate 
asae a8 follovss 


Amalgamated Phosphate Coe, 535 Fifth Avee, New York, NeYe 
a ee Mines at Brewster and Green Bay e 
‘3 7 | “American Agricultural Chemicel Coe, 420 Lexington Avee, 
New York, N. Ye --Mine at Pierce. 
Coronst Phosvhate Coe, 99 Jonn Ste, Nev York, N. Ye 
Mines at Pembro:w and Plant City. 
ae Florida Phosphate Mining Corporation, Norfolk, Vae 
| Miine near Bartowe | 
International Agricultural Corporation, 61 Broadway, 
New York, Ne Ye Miner. at Mulberry. 
The Pnosphat é liining Coe, 110 Villian Ste, Nev York, N.Ye 
| Mines at Bartow, Micnole,on2 Curistina. 
, .. Southern Phosphate Cornoration, 1100 Garrett Bldg, 
te Baltimore, Md. Mines at Baton Park 
and Lakeland. i 3 
Swift & Coe, TWnian Stock Yards, Chicago, $11, Mine near Bartow. 


i = 
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The production from the Florida hard rock fields constitutes but 
3 per cent of the State's production; and its general trend has been downward, 
as indicated by a decline from its ma::imum of 646,156 long tons in 1907 to 
92,627 long tons in 19238. ‘The World War caused a great curtailment, the vrod— 
uction drovping to less than 18,000 tons in 1917, but the post-war boom 
. brought it up to about 400,000 tons. Another large decline to 175,000 tons ~ 
occurred in 1921, and subsequently the — has dwindled to even smaller 
vrovortions.e 


The producing companres in 1928 vere: 


le Mutual Mining Coe, Savanneh, Ga. Mines near Tnverness 
and Dunnellone - 

Ze Je Buttgenbachétoe, Dunnellon. Mines at Dunnellon gua. 

Hernandoe 

Se Ce. & Je Cam, Ocala. Mine at Dunnellon. 


Tennessse is tne second largest phosphate rock producing state, 
ranking ne::t to Florida, and has maintained this position since it passed South 
Carolina in 1899. Aster the opening of the Ternessee fields in 1894 the move— 
ment of ohosphate roci from Tennessee mines climded ranidly until 1899, then 
more slowly to 1907, when it reached a maximon of 638,612 long tonse The growth 
of the industry was curtailed by the 1908 depression, and »roduction fell to 
341,115 tons in 1909. Slow recovery followed to e second meak of 621,396 tons 
in 1920. Tne 1921 denression was a more serious dlov to Tennessee industry than 
the 1908 depression, for the marketed production fell in that year to 264,159 
tons, the lovest since 1897. Production in 1928 was only 90 per cent of the 
maccimmm anmual production yet recorded, that of 1907. 


Of toe tvo tyoes of phos-hate .rocik nroduced in Tennessee — brovm rock 
and blue rock —.about 90. per cent of the production comes from tne vrown rock 
fields. Production of blue rock has always been small. Data available ‘in- 
dicates a ma--imum anmal production of about 80,000 tons in 1908. 


There were 14 phosphate rock-mining companies onerating in Tennessee 
in 1928. These comanies ares 


The American ieeuiturel Chemical Coe, 420 Lezington muons 
| Ney York, N. Ye Mine at EDP ARS Eille 

Armour Fertilizer Works, III Vest Jackson Boulevard, 
Chicago, Tile Mines near Columbia. 

Charleston, (Se Ce) Mining & Mamfacturing Coe. and 

Charleston Mining Coe, 11 South Tweifta Ste, 
Richmond, Vae Mines at Gordonsburg and 
Mountyoleasante 

J. K. Davis, Mountpleesante liine at Mountnleasant 


Federal Chemical Coe, 1100 Lincoln Building, Louisville, 

Kye Mines at Southport, Century and Ridieye 
Harsh Phosnnate Coe, ReroDe 7, Bast Station, Nasnvilleciine nr Nashville 
Hoover & Mason Phosnhate Coe, "2200" Willoughby Tover,. 

Chicago, Ille Mine at Mountpleasante 
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. interme ‘tional Agricultural Corsoration, 61 Broadway, 
New York; a: ace oo lines. at. Mountpleasant and. ‘Tales. 
J. J. Jories, Mountyoleasant. . Mine at poue i eoeeo 
S. T. Jones, Movntnléasant. . " 1 Wes 
W. A. Kittrell & Coe, Mountpleasant. | 
Ligon o. Huff, successors in 19 to Huff » Lizon, 
e Mouatnlensnit, ‘Mine at Southport. *e 
New England Phosnhate Cors coretion, Centerville. Mine. at PODUaINTDTes 
Tennessee-Tilinois Phosohate Co. , 137 South La Salle | 
Street, Chicazo, Ill. Mine zt Tromey. i 


The Western States usua aly ‘fornish vetween 1 and 2 per.cent of the 
total marketed production of phosphate. rock in the United States. Two distinct 
periods of. growth occurred in the production ‘of the Western Statese Tue early 
period frem 1905 to 1916 is characterized by growth to an anmel production of 
~neerly 12,000 tons followel by a gradual decline to but 1,703"tons. ‘The later 
period from 1917 to date is ons of rapid growth with wide fluctuations in annual 
production with a maximum of 72, 631 nd tons in 19256. - : 

: | an anpeuete rock Mopeancins companies we re onerating in the 
| pean States in 1927, two - ideo: and cne in Wyoming id were as follows: 


. Anaconda ecusee Mining CO« ‘(Tertilizer Deve. rtment) , | 
: | Conda, Caribou POR Yo iGahoe | 
a San heancises Chemical Coe, llc Market Street; 
3 .. San Francisco, Calif. Mine at. Hontpense 
. Bear Lake County, Taahos . ane 
Cokeville Phosphate- Coe, rr’ Lincoln County 
Wyominze eS. : ; 


. 
‘os 4 ov 
a | , 4 ate 


| 7 tren 1867 to 1888, South Carolina was the only Pasties State; but 
“ate “nade dinar prceduction of 541, 645 long tons was reached in 1889. Jollowing the 
entrance itto the market of the highermgrade phosphate rock from Florida, in 

.. £838, and Termessee in 1394, the ~roduction of Souta Carol‘na began a gradual 
“Steady deéline that ‘eventuated in tne final disappearance of that State from 
the ranks of producers in 1925.  -- . ; 


we rr: 
be 


--: Production in other States has been small. and spasmodic, and the 
industry short-lived. Production has heen recorded in Kentucky, Arttansas, 
North Carolina, Alabama, and Pennsylvania. Kentucky, . the leader. of this group 
both in length of life of the phosphate industry and in cuantity produced, 
renorted production for but 12 reer with -a maximum anmuial production of only 


14,282 long tonse 


The following ‘table. on the marketed arednetion of phosphate rock 
in the United States from 1900 to 1928, both years inclusive. 
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IMPORTS - 


Import statistics on vhosphate rock are available since 1882. During 
this period the. annual shipments of crude phosphate rock into the United States 
from abroad have ranged between zero in 1918 and a maximum of 175,765 long tons 
in 1901. Never have they exceeded 50,000 tons, except during the boom years 
from 1898 to 1905, following the Spanish-American War, when they reached a 
maximum of 175, 265 tons in 190le from a péak importation of 37,756 long tons in 
1885 there was a gradual decline to 8,019 tons in 1897. ‘The effects of the 
Spanish-American War boom ended in 1906, and between 1906 and 1913 the imports 
of phosphate rock fluctuated between 11,000 and 29,000 tons. The World War 
ended the importing of cruds phosshates; in 1918 there were no imports and less 
than a hundred tons in each of the two succeeding yearse <A recovery was made 
in the next few years, the imports in 1926 reaching 17,378 tons. In 1927 the 
first imports of phosphate -rock from French Morocco, 10,641 tons, entered the 
United States, followed in 1928 by even larger quantities (20,572 tons) bringing 
the total imports of crude phospuate rock in that year up to 45,812 long tons, 
the highest of any vear since import statistics on this: commodity have been kept, 
except for the period of a: few vears ‘following the ppentepe amt can Ware 


The average annual value of the’ crude phosphate rock imported into the 
United States has ranged from $4.51 to $33.17 a long’ ton. An irregular decline 
in the average annual values started from the peak of $14.13 in 1884 and con- 
timued to ths Spanish American War boom, ‘during which period the extra large 
quantities of phosphate rock inmorted into the United States held the average 
anmual values between $4.51 and: $5.77 a tone Following this. the average values 
rose to anc through. the World: War period’ reaching $332.17 in 1920 in the post 
war price boom. There has been an irregular decline since that year in the 
average anmal values. oe reached $9.41 in 1928, the lowest since 1916. 


The imports vines 1900 are shown in the accompany ing table. 
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137,036 


175,765 
137,36 


132,965 


130,214 


55,421 
23,281 | 


25, 876 


11,903 


21,706 
16,153 


28,821 . 
17,121 © 


15,079 
5,359 


92 
34 

63 
3,535 
5,890 
6,725 
16,098 
2,735 
17,378 
28,195 
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- Value.’ 


$791,189 


872,503 


646,264 © 


679,112 


145,744 


275,889 


147,547 


163,944 


175,335 
: 197,277 - 


235,040 


. 157,394 

(231,255 
‘Let, 815 
136,526 © 
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36,339 
1,169 
457 
2,090 
43,960 
95,846 
92,263 
181,515 
37,952 
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292,871 
431,238 
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average value 


$5077 
4.96 
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5673 


4089 ° 


6634 


6254 
6656": 
8.17 


10.83 


9074 
8.02 
7029 

9205 
9.44 
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12.71 | 
ee ae 
13.44 
35017 
12.44 
16.27 
13072 
11.28 
13. 87 
11.08 
10.39 
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The sources of the inmmorts inta the United States ‘since 1924 
in tiie following table. 
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. The imorts from :French Oceania weve enterec for 
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consum)tion in the Hawaiian Islands anc. nee son Morocco in. ‘the eastern United 


States. 
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By Countries, 1924-1928 


7 1924 1925 2. (age6 i927 1928 
Long > Value : ; bons 2 Value: Long .:.Vélue: Long +: Value : Long :Value 
: tons tons: "3-1 tons: B 3 tons: $ : tons: § 
Belgium: ---:---: | 38: 7 , 836: 25s i le0s ele eet een eee 
Canada : 98: 865: 138: 2. ps 624: 15,057: 116: 3,222: 104: 3,284 
Cuba : - = — 3 —--— =: 2,500:25,000: 2,900:- 30,595: + = -: - - — :11)752:141,544 
Dutch : : 8, . « # 7 : : os | : | 
We Inde : 5,500: 44,7803 - - -: —-.- ~: 2,500: 23,045: ---3 = -—--3 13: 36 
France i: -e--2-- em See epee wr ee ee KH eH Ht HH 8 Lessa: 
French : : : is : ‘ te : > ton: 5 
Oceania : 10,500:135,870; - -‘+: — ~ -311, 3292123, 588:17, 391: 239, 855:13, 371:183,170 
ee Beth ee he ee 63 45; 1,1155 = --3 --= 
Jap : Ss ae gal Gage ces Geta 2: BENG? Se Mee ee 
mech ; : : : : : 3 8 : : 
ince it i. 123 - - -: —- - = :10,641: 48,635:20, 572:103,199 
United : : > CF $ : : 3 
Kingdom: ---i-- =: gS = a ca a A A a 
TOTAL a 16, 098: 181, 515: ey 7305: 37, 932: 17,378:192, 61:28, 195: 292, S71: 45 ,812: 451,238 
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Official figures for the total exports of phosnacte rock are available 
for the vears since 1893 and for exoorts of the different kinds of phosphate 
rock since 1913. Exoorts of the various kinds of phosphate rock are available 
by countries for tne fiscal years ended June ZO from 1912 to 1918 and for calen- 
dar years from 1915 to the present time. a 

From 1898 to'1913 exports of »shosphate ron: increased at a unifom _ 
rate. The Vorld War caused a decline in the exrort trade to about one-tenth of 
its ~revar levele There was a snar>. post—-var recovery necriy to prevar levels, 
followed by e decline of about 30 ner cent to 1522. From 1922 to 1928 e:morts 
nave aes in. been increasing at e uniform rate, but this rate is less than that 
prevailing during the orevs phere. In recent vears tne “United States nas 
done little more than hold its omn in the world markete Sinuve 1f25, exports - 
of American phosvhate rock to Surope have adtuclly been declining. Not only 
has this’ countxy not been getting its’ share of the increased conswmtion in 
that market, but it has not even been able to maintrixn its nosition there... The 
eradual:. increase in’ th’ tote exnorts of nnospnate rock from the United States 
is vaca to its cevelonment.. of new markets,. tne principal' oné being Janane 


_ In 1913, the first year for which ofi icial figures: for the iecnomte, 
of hard ‘rock are avoiiaule, exports of that comriod i ty were 473, 533 -long..tonse - 
During the World War, with tue absence of nany Buropean couxstries from the: -~ 
market, the exports declined to 12,403 tons. in 1917... The. post rar recovery | 
brought the exports. uo to 544,896 Long. t20S in 1920- Since: 1920 nard rock ‘ 
paneer oe ceclined at a tairly uni fpr rate to only 89, 702 - tens oa 1980 


seus is by far thé leading consiwisr of aard Heide shesenate exported — 
from the :Uniter States, - talking | in 1328, around 50,000 tonse: Belzgiun, le thstlands, 
and Sweden, in that year, took around ten thousand tons e6acne For a considerable’ ~ 
BEETS. horever, hard rock 12.8 been exported $0 Svecen only every other Vveare 

Prior ‘to the World War land peddle exports nad ieuciad 891,263 long 
tons in 1913. Tne Vorld War cut the exports. to 64,559 tons, vut she doom in 
1920 brought them -up to 693,355 tons. Tae depression in land pebvle. exports 
following this boom edlmina ted: in 1922; but the decline wes slight, only to 
S12, eke a Since “ee tae anal. exports. nave: risen ‘to’ 809,062 tons in 1928. 


ewe orf 


Saviati jias wasn to the position of the leadin:; foreign customer of the 
land pebble industry and takes about 180,000 tons a yeare Germany is a close 
second, and othsr large customers are Netherlands, Italy and Spain. 
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I.Ce 6256 
CHARACTER OF MARIETSD FRopicT 


Tie centent of tricalcium »hosphate (BePeLe) in the grades of vinosphate 
rock marketed in the United States, ranzses from as low as 55 per cent to a max- 
imum of 81 per cent, Florica land nebbie containing as low as 50 ver cent tri~ 
calcium phosyhate has been marxeted for fertilizer filler, hand Tennessee brown 
rock as lov as 25 »er cent for tne same purpose. Some Sennessee brown rock 
marketed for direct a~lication to the soil contnins as low as 65 ver cent BP.Le, 
although much of the rock marketed for this purpose contains over 73 per cente 
some Florida land peobls running vetween 60 and 65 »er, cent BePeLe is marketed 
for the production of triple superpnospnate.s Most of tne phospnate rock marketed 
in the United States, hovever, has a BePebo content betreen 66 and 81 per cente 
Tennessse brown rock runs from 70 to 7S ner cent BePeLe, and Florida land »ebble 
from 66 to 79 ner cent BePeL. Florida uard rock ranges from 76 to 81 per. cent 
tricalcium shospha te, 77 per cent being about the usual minimum Suaranteed. Tenn- 
essee blue rock usually contains betveen 65 and 70 ner cert BePeLe, and the 
western states phosphate rock is stated to contain adout 70 ner cente 


‘The mumber of grades marketed varies considerably in the different 
fields. In the Florida land »ebbie area individual companies are placing from 
one to as many as nine different grades on the markete But one grade is marketed 
by each of the companies cperating in the Florida hard rock field, in the Tenm -.- 
essee blue rock field, and in the western states field. The ccomanies operating 
in tae Tennessee brorn rock field usw...” market but one grade of the brovn rock; 
one COMEDY acvever, saips several gradess . 


In most of the phosphate soak marketed in the United States the combined 
content of iron and aluminum oxides ("I & A‘) is between 1 and 53 per cent. It 
is only in those grades of Tennessee brown rock marketed for,direct eonlication to 
the soil, whose preliminary treatwent does not include washing, that the Wr & Al 
content is hizter. In these cases it runs from 5 to ll per cent, but vill: aver- 
age between 8 and 9 .er cent. The "I & A" content of the Tennessee washed: 7 orovn 
rock, which runs frou 3 to 3 ner cent, is hisgher than that of the vhosnhate. rock 
from any of the other fields, and although.some of the Flo#ida land peoble: runs 
as hich as 4 er cent, in generel,.it nas a considerably ‘13-2r icontent (1 to 4 
percent). the Florica hard. rock likewise :has:a'loy "I ana A" content, 2- to 3 
per cent. The combined iron ané aluminum oxide in the Tennessée blue Fock’ aver 
ages from 13 to 2 ner cent, and in the phosphate roclc from tne restem states, 
below 3 per. cente _— > = . : - a 

: 

The moisture content in the “warketed rock ranzes between ; = and 8 per 
cente Both the Florida land -pebole and, tne Tennessee orojm rock marketed nage 
within -these limits. The Flortcs hard rock contains an averaye: of i per cent 
moisture and the Ténne ssse ‘olue rock an averese of 2 per centre "That marin it . 
from the ies tern: States has. less ‘than l pen cent moisturee --: ° 2 


. . 
a * : bi 4 
2 . e 


3 - In this discussion the term "marketed product" refers to the material shipped 
from the producer to the consumin; plant, vhevner taat pea eee to, the 
progneene company or to an . independent consumers, s . Baer | 


‘ 
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The size of the phosphate rock narketed in the United States, other: 
than the lump rock, ranges from a maximum of 13 to 2: inches down to fine Wate t= 
settled material. The: lorida hard rock has a: maximum size of about 13 inches, 
and a minimum of 1/16 inch. The land nebble hes @ similar mazimum and a lower 
limit of 1 millimeter. ‘The Tennessee crown rock sizes rangé from about 15 or 
2 incres down to fine water settled sandse The Tennessee blue rock is crushed 
to 1/2 inca, and then screened to sizes ranging from 1/4 to over 2 incnese In 
Id2ho, one »roducer crushes to below 3/4 inch before shinoing, whereas tne other 
ships mine-run materiale ‘The Wyoming rock is finely ground, 65 ner cent to nass 
a 200-mesh screene Some Tennessee and Zlorids rock is also finely ground, some 
of the brown rock in Tennessee fine enovgn so tnet much of it passes a 300 mesh 
screen. Lump rock is marketed from Tennessee and tne western States. The Tenn 
essee brown rock yields up to 10 to 12 inch lwms, but the blue rock of that 
State is crushed to 4 inches before narietinge 


PRICES 


Prices of phosphate rock are quoted in dollars ver ton on an even per 
centage cf BePeLs (bone phosphate of lime ~ equivalent tricalcium phosnhate),. 
such as 75, 76, or 75, with allowances for "I and A" (iron oxide and alumina) 
within certain limits. Allowancss are also made for variations from this base 
grade, as wnen a price is dased on 75 per cent BePeLe, and it is guaranteed that 
the rock sholl not run less then 74 ner cente Penalties nre, however, exacted 
for units belo 75 per cent, and bomses naid for units adove ite Prices for 
all but Tennessee ground rock are ouoted in long tonse Tennessee ground rock 
for direct. application to the soil is quoted in short tonse © 


Price basin;; point is usually the mine, producing plant, or nearest 
shipping point, and the quotations are feOebde In Slorida hard rock export 
quotations are now said to ve practically all made ceiefe destination in Surope, 
althouzh domestic trade journals quote vrices at mines, and foreign journals 
prices at United States vort of shinmente 


The following tadles taien from the Zederal Trade Commission report 
on tne fertilizer industry, published in 1922, give the high, low, and mean 
prices per gross ton at the mines for Florida land pebble phosphate for the 
period from 1907 to 1914, and of Tennessee rock for the period 1910 to 1914 
Taese figures show tne »rice situation before the World Ware These prices were 
taken by the Commission from the contracts of mining companies for sales to 
domestic purchasers. All sales were taizen, since prompt transactions in pnosphate 
rock are raree The ranze of contract prices by months ratner toon the average 
is given because of the comparatively smell mumbe r of s2lese 


In these tables a marked difference in the price trend in florida and 
Tennessee is noticeable. The prices of Florida land neoble phosphate at tne 
mines show in general a gradual downward trend. In 1907 florida land vebble is 
said to have sold atove $7 a tor. The nighest price shown in the table for 
1908 wes $4.65, and the lowest $5 a ton. In tie first half of 1914 the highest 
price was $2.75, and the lowest 92 a ton, which was less tnan the actual cost 
of vroduction of some of the minos, After July 1, 1914, sales below $2 a ton 
for the 68 per cent grade occurrede The mean »rices of Tennessee rock given 
in the table show a gradual upward trend since 1910, 


7243 ~O5- 


IeC...6256. 


e:. oy 
. 


_ (ne decline in the prices of the Tlorida lend pevble nnosphate rock 
during the vyedrs £rom-13907° to-1914 wes due>to overproductions . The stability of 
the Tennessee. »rosphate rock prices has been iue mainly:to the .mch smaller 
quantity mined and: the advantage of location with respect to the Central States. 
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: No tables similar to those »>renared by the Federal Trade Commission 
for the immediate prewar ears are available for the war ~eriod, or the nost-war 
yearse Low prices occurred in the early war vears. Prices rose to hizh levels 
in the post-war boom, climaxing in the latter nart. of 1920 and the early part 

of 1921. The succeeding decline in prices .contimed until 1926. There has been 
a slight rise since. The major trends -during the period from 1925 to 1928 are 
indicated in the prices of Florida land pebble phosmhate rock, 70 ner cent tri- 
calcium phosphate, given in tne accommanying taole compiled from sngineering and 
Mining Journal quotations. 


MONTHLY PRIGSS OF SLORIDA LAND PESBLS PHOSP2ATS ROCK, DOUWsSTIC, 70 Pak CENT 


January > $4.50 : $4625 : $3630 : $3.00: $3.50 s $3.50 
February “4.50.3 4000 : 3e35 : 3.00 3.50. ! 3550 
March wt) 40382 7°3480 3e50 2 3425 3.75: Be5 
April e352 BBO? B50: 3502 B50: 3e50- 
icy - : 435 : 3e80 be20 : 3e 00 Je 50 3050 
Jung $4.35: 3-50 t  -Be50 2 3050 350: 3450 
July 5 46352 30502 350: 3050: 3.50 : 4600 
August $4435 : 3050 7 3650 : 3eE0 3-50 : 4600 
4 September :; 4.35 : Se 50 : 3-50 : 3e50 : 3050 : 4.00 
October : 4.25: S.50:° 3.40%. 3.50: 3.50: 4400 
Wovemiver. : 4025: 3050: ° 32402: 3050: 30502. 4,00 
December 4525 3 3eS5 3° 56501 3050: 3050 + 4,00 
pom 4.35 : 3066 ‘i B43: 3.392 130522 3675 
High 4 4,50: 4,25 23° 3.50: 36502 23,75: 4400 
Low 2 4,25 * Be55 2 3.25: ° 3eCO: 3650 : 3.50 


Remarks. - ve Florida @xport >rices.e Data from Eng. Mine Jour. 


Quotatiofis for certain gradés of Florida and Tennessee rock are given 
regularly in the trede journclse Western rock »rices are not qu:*ed, as tne 
rock in that field is mostly produced by tne minin; compenies for tneir own 
use in mamfacturing otner production end does not come on tne market excent 
as finisnea vroductse 
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SUMPTION OF FHCSPUAIS ROCK IN TU} UNITOD Staqes 


| The consumption or casa ste rock in. the United. states has” grown sae 
. about 1,000,000 tons in 1900 to 2,600,000 tors in 1923... ‘The. rate 4 srowth we, 
fairly uniform: “upward until 191le Tne succeeding tnres years saw. & slight 
dowmard trend in the consumption, which lasted until the: opening. 'Of the World 
Ware Tae start of this*conflict at first resulted in a rather.sharp further 
“decline in 1915 in the consumotion of nhosphate rock. in the United States, but 
witao the insistent demand for greater -yroauction of foodstuffs. this was folloved 
by the boom during the leter nart of tne war neriod, 1916 to 1918, inclusive, 
when the consumption of phospnete rock increased et a rapid rate and reached 
new high levels. In the genercl disorzanization following the close of the 
war there was .2 marked decline in the consummtion of pnosshate rock in the 
United States, hnd the consummtion in 1919 returned nearly to pre-war levels. 
Recovery from this depression soon occurred, however, and. at the crest of the 
post-war inflationary period in 1920,. the cconsummtion of phosphate rocks in the 
United States exceeded 5 million tons, an smount much greater than had been 
consumed in any »revious year, and which hos nat been even closely eno roacned 
Sincee The collapse of ‘Ousiness and the resuiting devressian in 1921 severely 
hit the phosphate rock consuming ‘industries, and tre domestic consumption of 
phosvhate rock was reduced over 300,000 ta about 1,300, 000 tons, the ‘lowest 
annual consun tion: ‘gincd 1909. In recovering fron. this. depression thet annus.) 
consumotion reacned 2, 600, 0CO tons nae eves 


o.. ‘. 


. The tabdle accémponying: this section shovs the anmal eyparent cor 
sumtion of pnosshate réck in the Unitece States and elso the ennual consumption 
of domestic phésohate rock during the past ten yecrse There is comaratively 
little difference in the two sets of. fisurcs 2s imports are’as yet relatively 
small, the pois demand aa fe reely satisfied from doites tic productione 

Consumption of Phospha te ‘Rock in the United Ste ates °° 
(Long tons) - | 


e + . = 
e 


¢ 
S.A 


> arieted a ee a 2 ge igpardut Gone ption | 
Years : Production : Imports s Exoorts :: Total _ sDomestir Mock _ 
1919 : 2,271,983 :: ..34 3: 378,75k:. .- 1,833,286 ; 1,893,255 ~~ 
1920 : 4,103,982 :: 63 31,069,712: 3,034,503 3: 3,034,270. 
1921 ° 3. 2,064,025 3° 3,535 = %33,3193-:.. 1,954,248 — 1,330,713 
1922 : 2,417,863 :° 5,890 s 719,204:° ~ 1,704,479-' =~: 1,698,539 
1923 : 3,006,706 :: 6,725 : 827,55)3:°,: 2,185,380 - : 2,179,155 
1924 : 2,867,759 :/ 16,093 : 815,773: 2, 065,114 | 3 2,049,016 
1925 : 3,481,819 :! “2,735 270,200: -,, 2,614,354. : 2,611,619 
1926 : 3,209,976 :‘ 17,378 : 748,965: 2,478,391 . : 2,461,013 
1927 §° 3,170,699 :' 28,195 & 918,211: .. 2, 230, 683 . : 2,252,438 
1928 : &%,457,329 3° 45,812 > 898,764: 2,604,387 | : 2,558, 575 


ms 


1/ Apparent total consun tion ee marketed production plus imports minus 
@xportse 
: 2/ Consumption of ‘donestic pee equals aceasta production mimus exportse 
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LIST OF CONSUWERS OF PHOSPHATS ROCK, BY US3S 


The following. list of consumers ‘of phosphate rock has been 
classified according to the »rindipal phosnhate containing “»roducts produced 
by the different comanies from nhoszhate roclk. Cansumers of ‘nhosnhate: rock 
for direct avolication to the soil are not listed,. and there has not been any 
attempt to list the consumers for production of by~products such as sodium sili~ 
cofluoride, or for some of the smaller uses such.as. concrete a¢ Ggrege. te,’ road 
metal, and fillers for verious purposese This list has been compiled through 
the cooneration of both the »roducers and consymers of phosphate rock and otuers 
interested in the phos»nate rock industrye ‘The list of iron furnaces. using 
phosphate rock was ovtained through the hearty cooneration of tne’ iron and steel 
companies of this country. -Some of the names of the supe rphosphate. roducing 
companies were obtained from the Am2 rican sertilizer Handbook; ee by corres= 
pondénce mate une sa or cabal commaniese ee ae oh 


| CONsRZaS 07 PHOSPHATE ZOCK JOR MB = wnt o> es 
-  SUPERPHOSPHATSS © Oar oa, 


Acme Mamfacturing Coe, Wilmington, Ne Cs . wo a i 
Alabama -Chnemical Co., Montgomery, Alas | 
American Agricultural Chemical Coe, 420 nest eten Aves; New York, Ne Ye 
Anaconda Copper Mining Coe, Jertilizer Dente, 1il Vest ae : 
Street, Chicago, Tlle 7 eee 
Anderson Zertilizer Co. (Ince), «Anderson, Se Ce _ 
Arkansas fertilizer Coe, Little Rock, Arke. 
Armour Fertilizer Works, 111 West veceson Boulevard, “Gaicego, ne 
Barker. Chemicel Co., Sevanrian, Gae = - aa 
Baugn & Sons Coe, 20 South Delavare. one “PRiladeloh ia, Pas | 
Beuzh Chemical, Co., 25 South Calvert Street,.Baltimore, lide -— 
Blacksnear Mamufacturing Coe, Bleck es Gee 
Brown Guano Cos, De, Albany, Gae:. :: . 
Columet Fertilizer Corporation, 61 Broady Wey, ‘New york, Ne. Yo 
Cepital City Acid Phosphate Co., Little Rock, Arke 
 Canital “Zertilizer. Cas, Mohtgomery, Alae 
 Ceraleigh Phosphete. Fertilizer Works, Raleigh, Ne Ce 
.. Satanwba Fertilizer Coe, Lancaster, Se Co. 
” Cerbral -Chemical Cos... Hagerstown, ide! 
_ CRickameuga. Fertilizer Works, Atlanta, Gee 
Columbus Fertilizer Coe, Columbus, Ga... 
Congarse Fertilizer Coe, Palmetio. Building, Columbia, S. Ce 
Contentnea Guano Coe, Wilson, Ne. Ce... | 3 
Cotton States Fertilizer Co., Macon, fees 
Merling & Coe, 4201]. South Aghlanc -venus, Gitcace,. Ill. 
Devison Chemical Co.,- Garrett Building, Baltimore, ‘Mde _ 
Devison—-Pick Jertilizérs (Inc.), New’Orleans, Lae 
Diamond Jtertilizer Coe, Cominercia al: aie wicgueiad Sondusly, ‘Ohide 
Dixie Guano Com, Laurinburg, Ne Co. -:.- 
Dockviler & Kingsbury Coe, East thirtieth and. Emerson aveme, | 
Indianapolis, inde” ae 
Bur ire State Chemical eee "athens, Ges. —— 


a ; of i, sae t 
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Btitvcon Fertilizer Coe, Cnarleston, S. Ce 
Farmers! Fertilizer Coo, Windsor Aveme, and Cieveland, Alcron 
é& Cincinnati Railroad, Columbus, Onide . 
Tarmers! Guano Coe, Norfolk, Vac | : 
_ Mederal Cnemical Coe, Fourth: and Broad. ay phases Kye | 
_ Farman Fertilizer jforks, J oe Gae eo 
ow Georgia Yortilizer Coo, Veldosts Gae 
_ Grasselli Chemical. Coo,. Birmin, sham, Alae 
Griffith & Boyd COs, Kevser D Duilding, Baltimore, Mee 
= Groves fertizizer Vorss, Cincimmati, Ohioe © YS. te 
Gulfport ‘Fertilizer Coe, Gulfvort, Misse cy 
- Hamm Comany,. Me, Wesainz ‘ton Court Housé, Ohio. . in ae Oe . 
Hartsville. Fertilizer Con, Hartsville, Se “Ge en Me sca oe ee 28 
Home Guano Cos, Dothan, ‘Ala. _ ae 
International Agricultural Cornoration, 61. ee Nes: a Me. Yo 
Jackson Fertilizer Coe,. Jacison, ifisse 
Jarecki Chemical Co., 111 West Jackson Boulevard, Chicazo,; Ille 
Josey Guano Coo, Ne Be, Wilmington, No Ce 
King Chemical Coe, Bound Brook, Ne Je 3 
Knoxville Tertilizer Coe, *Bahke rs Trust: Building,. cea Tenne 
. Laurel Oil & rertilizer Coe, “Laurel; Misse. . Ue 
Lowell Fertilizer. Coe, Boston, Masse a eS ee 
McCabe Fertilizer Coe, Cnarleston, Se. Ce : 3 
Mandeville Mills, Carrollton, G:: | i? 
Maybani: Fertilizer Coo, Charlesicn,’ Ss Ce '- 
Merchants Fertilizer & Phosphate Coo, Charleston,-S. Ce - 
Meridian certilizer Factory, Citizens oe ae Pee ae | 
| Meridian, Misse — ea 
Miller Fertilizer Coe, Garrett Building, Baltimore, 1 de.” 
Montezuma Fertilizer Coe, Montezuma, Gae °° pe 
Morris Fertilizer Co., Ciicago, Ille a | 
Mountain Copper Coe (Ltd,) 552 Pine Street, - San Francisco, Calif. 
Mutual Fertilizer. Coe, Savannan, Gee. 
Ober & Sons Coc, Ge, 110 East ‘Lomoard Stade, Baltimore, Mde : 
Pacific Guano and Yertilizer COs; Matson Building, S2n. Breneeaces Calife 
Pelham Phosphate Coe, Pelham; Ga. 
Pennsylvania Salt Manufacturinz Coe, Widener Building, Philadal: ohia, Pae 
Piedmont—lite Aizy Guano Coe, Keyser Building, -Baltimore,. ifde 
Pittsburzh Provision & Packirz Cce, Herrs Island, Pittsburzh, Pas 
Planters! Chemical ana Oil. Coe,' Tollacega, Alae . 
Planters! Fertilizer and Phosphe.ve Coe, Charleston, Se Ce. 
Porter fertilizer Works, Atlanta,’ Gas 
Povhatan Tertilizer Cos, Greenville, S. Ce 
Rauh & Sons. Sertilizer Cow, Ee, Union Stocks none Indianapolie, Inde 
Read Phosvhate Coo, savahnan, Gee. . 
Reading Bone Fertilizer: Coe, Reedinz, Pae . 
Redd Chemical and Nitrate Coe, Birminguan,. sla. 
Reliance Fertilizer Co.,, Savannah, Gac 
Richmond Guano Coe, Ricmmond, Vae~ 
Roanoke Guano Coe, Roanole, Alae. 
Robertson Chemical Corporation, Norfolk, Va6 
Rozvster Guano Coe, we Se, Norfolk, Va. 
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Soreveport Fertilizer Works, Shreveport, Lae 

Smith Agricultural Chemical Coe, Columbus, Onide 

Southern Agricultural Chemical Corporation, 61 Broad..c7, New York, Ne Ye 

Soutnern Yertilizer & Cnemical Coo, Savennah, Gae 

Soutnern States Phosnhate and. Fertilizer Coe, Augusta, Gae 

Stardard Chemical Coe, Troy, Ala. © . | 

Standard Fertilizer Co., Gainesville, Fla. ‘ i 

Standard Wholesale Puosshate & Acid iJorks (Ince), Continental 
Building, Baltimore, Mde. . 

Summers Fertilizer Co. (Ince); Stock Exchange Building, Baltimore, Mde 

Swift & Cce, Union Stock Yards, Chicago, Ille — 

Talladega Fertilizer Manufacturing Coe, Talladeza, Ma. 

Tennessee Cuemical Coe, Nashville, Tenn.’ 

Thomas & Son. Coe, Ie Pe, Drexel Building, Philadelvhia, Pae 

Tunnell & Coo, Fe We, (Ince), 15 North Fifth Street, Philadelphia, Pa. 

United States Phosphoric Products Corporation, Tampa, Tae 

Virginia~-Carolina. Chemical. Corporation, 11 South Twelfth Peano 
Richmond, Vee ) 

Welch Chemical Coe, Columbus, ‘Ohioe | 

Wilson & Toomer Fertilizer Coe, 772 West Bay Street, Jacksonville, Slae 

Wuichet Fertilizer Coe, Dayton, Ohiose | 

Wulbern Yertilizer, COn, Charleston, Se Ce. 

York Chemical Wo rks, .. York, Pae 


CONSUMERS OF PHOSPHATE ROCK FOR TEE MANUFACTURS OF 
DICALCIUM PHOSPHATS SERTILIZERS 


Myles Salt Cos: “(ntde), 1007 Cann Street, ‘New Orleans, Lae 


CONSUMERS O7 PHOSPHATS ROCK FOR TEE MANY FACTURE 
QF FERROPHOSPHGRUS © = 


Chio Ferro-Alloys Cornoration, Canton, Ohio. 

Oldbury Electro—Chemical Coe, Niagara Falls, Ne Ye 

Wederal Phosphorus Coe, Birminghem, Alae 

Tennessee Products Cormoration, Nashvilie, Tenn. © 

Victor Chemical Works, 343 South Dearborn Street, ie Se Ill. 
Warner Iron Coe, Nasnville, Tenn. 


CONSUMERS OF PHOSPEATS ROCK FOR THE MANUFACTURE 
_ OF PEOSPHORIC ACID 


Anaconda Copner Mining Coe, Anaconda, Mont. 

Bowker Caemical.Coe, 419 Fourth AVE, New York, Ne Yo. 

Federal Phosphorus Coe, Birmingham, Alae | 

International Azsricultural Corporation, 61 Broadway, New York, Ne Ye 

Phosphet3 Products Corporation, Hichmond Trust Buildinz, Richmond, Vae 

Provident Chemical Works, Planters Building, St. Louis, Mo. 

Rumford Chemical Works, Rumford, Re Ie | 

Victor Chemical Works, 343 South Dearoorn Street, Chicazo, JTll. 

Vircinia-Carolina Chemical Corporation, 11 South ayeroe Sireet, 
omnes V2e : 
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,Warney Chemicel Coe, 415 Lexington Aveme, New York, Ne Ye i 
Wilckes-Mertin-Wilckes Coe, 135 William: Street, New York, N. Y. 


CONSULERS Ox PuOSPHATS. ROCK. FOR THs MANU PACTURS 
OF PHOsSPHATS CHSIICALS 

American: Oyanemid' Coe, 535 Fifth Aveme, New York, Ne Ye 
(Monoammonium phosphate, disodium phosphate, and tri- 
sodium phosphate.) ° ‘— : | 

~ Anaconda Conrer Mining Coe, Sanaa: Monte 
(Ammonium phospnates.) 

Blockson Ciemical Coe, Joliet, Ill. : 

(Awnonium phosphate, disodium phosphate, trisodium 
phosonate.e) 

’ pouiae Coerlical Coe, 419 Fourtn Avemue, New rork, Ne Yo 
(Disodium mhosnhete and trisodium nhosphate. ) 

Calumet cnemical Coe, Joliet, Ille. | 
("cvocalcium paosphate ané dicalcium shosphate.) 

. Rederali Phospnorms Coe, Birminghan, Ala 
ionoemmonium »hosonate, diaimmonium phospnate, mono= 
soc.ium nhosnhate, disodiun nhospnate, trisodium nhos= 
phat2, acid sodium pnosphate, monocalcium »nhosphate, 
dicalcium »hosnhate, tricalcium »hosphate.) 

General Chemical Co.,. 40 Rector Strest, New’ York, Ne Yo: 

(Disodium phosphate and 32 i2odium shosouates) 

Grasseili Chemicel Coe, Guardian imilding, Cleveland, Ohice 
(Disodium phosvhate and: trisodium »hospnatee) : 

International Agricultural Cormoration, 61 Broadway, New York, Ne Ye 
(Aimmoniun phosxhate, disodium phosphat e, and trisodium 
pnosynate.) 

Phosphate Products Corporation, ‘Richmond Trust Building, Richmond, Vae 
(Ammonium plosnhate; colcium acid yhospnate, sodium phosphate.) 

Provident Chemical Works, Planters Building, Ste Louis, Moe 
(Monocalcium phosphate, dicalcium phosvhate, tricalcium phos— 
phate, acid calcium nhosphate, pyrocatciun phosshate, pyro— 
‘Sodium phosphate, trisodium phosphates | 

Rumforé Chemical Works, Rumford, 2 Ie ~ ES 
(Monocal ciun phosphate, dicalcium phosphate, and tricalcium 
phosnhate.e) - 

Victor Chemical Works, 345 South Dearborn Street, Chicago, Ill. 
(Monoarmonium phosvhase, dicmmonium phosphate, monocalcium 
phosphate, Gicalcium phosvnate, tricalcium phosyhate, mono- 
sodium phosphate, disodium pho syhate, ere soeae nhosphate, 
and acid pyrosodium phosphates): 

Virginia-Carolina Chemical Cormoration, 11 South Twelfth Street, 

| 3 Richmond, Vae — 

(ifonocalcium phosphate.) | 

Warner Chemical Coe, 415 Lexington Aveme, New York, N. Yo 

(Monosodium phosphate, disodium phosphate, and trisodium 
1 pacsphates ) 

Wilckes-Martin-Wilckes Coe, 135 William ‘Street, New York, N. Ye 

(Monoemaonium phosphate, diammonium phosphate, sodium am- 
monium phosnynate, monocalcium pnosphate, cdicalcium phos-~ 
phate, tricalcium phosnhate, and potassium phosphate.) 
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OF PHOSPHORUS 
Oldbury Electro-Chemical Co., Niagara Falls, Ne Ye 


CONSUMERS OF PHCSPHATE ROCK JOR PRODUCTION OF . 
STOCK AND POULTRY FEED 


Moorman Mam facturing Coe, Quincy, Ill. 
Myles Salt Co. (Ltde), 1007 Cemp Street, New Orleans, La. 
Vitamineral Products Co., Peoria, Ill. 


IRON AND STEEL COMPANIES USING PHOSPHATES ROCK 
. OCCASIONALLY OR AS. STANDARD PRACTICES 


Alan Yood Iron & Steel Coe, Widener Building, ‘Philadelwhia, Pa. 
American Rolling Mill Coe, Middletctm, Ohio. 
Antrim Iron Coe, Grand Renids, Mich. 
Betnlehem Steel Co., Bethlehem, Pa. | 
Ee & Ge Brooks Iron Coe, Birdsboro, Pae 
Clevelaad-Cliffs Iron Coe, 1460 Union Trust Building, Cleveland, Ohioe 
Colonial Iron Coe, 149 Broadway, New York, Ne Ye 
Columbia Steel Corporation, 215 Market Street, San Francisco, Calif. 
Corrigan, McKinney Steel Coe, 35100 sast Forty-fifth Street, Cleve- 

| land, Ohio. 
Delaware River Steel Co., Chester, Pa. 
Delta Chemical and Iron Coe, Wells, Miche 
Hamilton Coke & Iron Coe, Hamilton, Ohio. 
Hanna Furnace Coe, 1300 Leader Building, Cleveland, Ohio. 
Inlaid Steel Coe, 58 South Deaz rborn Street, Chicago, Ill. -_ | 
International Harvester Coe, 606 South Michizan Aveme, Chicago, Ill. 
Jackson Iron & Steel Coe, Jackson, Ohio. . 
Marting Iron & Steel Coe, Ironton, Ohio. 
Perry Iron Coe, Union Trust Building, Cleveland, Ohio. 
Pulaski Iron Co., Pulaski, Vae 
Reliance Coke & Parnace Coe, 514 Frick Building, Pittsburgh, Pa. 
St. Louis Gas & Coke Corporation, Box 364, Granite City, Ill. 
Shenango Furnace Coe, Oliver Building, Pittsburgh, Pade 
Sloss-Sneffield Steel & Iron Co., Birmingham, Alae 
Superior Steel and Malleable Castings Co., Benton Harbor, Miche 
Toledo Furnice Coe, Union Trust Building, Cleveland, Ohioe 
Warren Foundry & Pipe Corporation, Wharton, Ne Je 
Youngstown Sheet & Tube Coe, Youngstown, Onioe 
Zenith Furnace Coe, West Duluth, Minn. 
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GEOGRAPHICAL DISTRISUTION OF DOMESTIC CONSUMPTION 


Protavly at least 95 per cent of the phosphate rock consumed in the 
United States is used east of the Mississippi River. The consunmtion of phosphate 
rock for the manufacture of the superphosphates is almost entirely east of the 
Mississippi River with a marked concentration in the Southern Atlantic States, 
a large part of the superphosphate produced being used on the cotton and ‘tobacco 
cropSe Isolated plants using Western States phosyhate rock are located in 
Montana and California. : a , 


, Consumption of phosnhate rock for otner »nurposes than the manufacture 
of the sunerphosphates-is likewiss largely in the eastern part of the United 
States. The only producer of elemental nhosphorus is. located at Niagara Falls.Y, 
The f'errophosphorus producers are in Alabama,. Tennessee, Ohio. and New Yorke 
Plants producing phosnhoric acid from phospnate rock all lie on or east of the 
Mississipni River, except for one plant in Montana. blast furnaces using phos- 
phate rock in furnace charges in the »roduction of pig iron are all located east 
of the Mississioni River and nortn of the Ohio end Potomac Rivers, save for 
isolated plants in Alavana, Vir: yinia’and Utah. The latter plant uses Western 
States phospnate rock All others get their phosphate rock from Tennessee. 
Finely ground phesphate rock for direct application to the soil is produced 
principally in Tennesses and is used inost extensively in Illinoise <A small 
emount of finely er ound Idaho and Wyoming phosphate rock is used in the Western 
States. 


DISTRIBUTION Cr DOMESTIC CONSUMPTION ‘BY INDUSTRIES” 


No studies are ava nilabl e as to the eupants of phosphate oer consumed 
for different nurmosese However,, indication of the quantities utilized by the 
principal consuming industries can be ootained by the ~ublished’ statistics on 
the sales of pnnosphate rock by producers for different ourposes. Data available 
for such sales in 1928 indicate that 90 per cent of the rock sold in tne United 
States was for use in the preparation of ordinary and treble superphosphates, 
principally tne formere Second in importance were those sales to those industrie: 
engaged in th? manufacture of elemental phosphorus, phospl.:ric acid, ferrophos= 
phorus, and pig irone Sales to this group comprised 7.8 ver cent of the total 
sales. The statistical data available do not permit the senvaration of the sales 
for the various industries specified in this growoe Sales of finely ground 
phosphate rock for direct application to the soil took 1.6 per cent of the total 
sales, while the balance, 0.6 er cent, vas distributed among diverse usése 
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